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Biodc^gmi&blfe controUed release tjanoparticle^ ^ sustEined lekase bioactlve agent delivery vehicte incliKJc surface modifying agents 
t0 target bimJIng of the naROparticie^ to tlssue^s or cells of living sysisms, to cnJiance nancsparticic stisiaincd release propcitics> m4 to 
protect nsROparticle'incorpotatcd biosctive agents, Uni(|ue methods of jnaking $mail (10 nm to 15 rm, md pfefei^bl)^ 20 nm to 35 nm) 
nanopafticles bavlrjg a naitow ske dsstributicm which can be surface-modij^iid a^f the nafioparticies are formed is descriteJ. Techniques for 
modifying the surface mcltwie a lyophilizatiofi techj^^ue to produce ^ physicalif adsorbed cmtmg and epoxy-de^vatlzaticsi m fmctlomlize. 
the surface of tfee nanoparcicies to covaiently bind moiecutes of ixmxist Iht nmoparticles may also comprise hytoxy-terminafed or 
epoxIde'lcTOjnated and/or activated mtiitiblock copolymers, having hydn^liobte iegmettte whfeh may be poiycaprokctonc and hydrophHie 
segments* TNe n«oq?artlc!es are useful fcMr iocal Intravascular SKlmmistrttiofj of smooth muscle inhibitois attd antithrombogenic a^wats as 
part of interyentional caidiac or vascutar catbetcnzation sijch as a balloon sjtgbptey procedure; dinset appitcation to tissues and/or cells 
for gene therapy, such as the delivery of osteotropic genes or geiw segmesnis into boae progemtta^ cdis; or oral a4mlnj$tyatioii in an enteric 
capsule for dcMvery of piotein/peptide based vaccines. 
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$arfa<^Modifted Naiiopartieles and Method of Making and Using Same 

Backgrottitd of tbeXiivestion 

FiELB orrmmvmnm 

This Hsveittion rdiatcs to sostamed rdease imgd^my systems and methods of Jtuiking same, 
5 More particularfy, tim kmn^m relates to surfkce-niociified biodegradable najiopartieies for targeted 

deltvery of febactive agents, iii«hods of making wanopatftides, novel poljweric compositions for 
making the nanopartieles, and methods of using same. 

BESCaUFriQJf OFTRE RELATED ART 

Site spe<^ delivery of therapcaitm agents for vascular diseitses, or other iocd disorders sad* 
10 as cancer or infection, is difitcult ^^th systemic admimstration of drugs. Drugs administered oraJly, 

or by penphcm! intravCTOUS injection, are distrfbuted throughout the patient's body and are mibject 
to metabolism. The amount of dmg readiing the desired site is frequently greatly diminished. 
ThiK^tfore, a larger dose of therapeutic agent h required, which in many cases, leads to unpleasant 
and unwanted systemic side effects. There is, therefore, a need for drug deiivery systems which can 
1 S be appUed locally to treat ii^ona! disorders. 

In many instances, intravascular administration of therapeatic agents would comprise a 
significant improvement an the art. However, there are special considerations which tmst be taken 
into account in the development of an mtravascular drug delivery system. For example, For 
example, an intravascular dmg delivery system must not cmise clotting or thrombogenesis. 
20 Moreover^ constant blood fiow through the vascuiauire results in n^id dilution of the drug. There 

is, therefore, a ne^ for a dmg delivery system wWch can safely be delivered intrayasaiiarly and 
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whid) can be retained at the of administration to release therapeutic agent over a period of 
time. 

ScHne of 1^ foregoing and other disadvantages of the prior art can be overcome with 
iniectabk nuciqjaiticles, and In pta^kr, nanopaittdes. Nanopartictes can eneer ceils and 

5 p«ietiate intraceliuiar junt^CMis, However, to date there have been no successful methods to 
confer amtithmmbo^aiic pcopot^ or cdl adhesion piopeities to mk^oparticles in otder to 
enhance adlH^on of the microparticles at die site of injection, such as the extracellular matrix 
in a vessel wall and die surrounding tisaie, to ladtitate dn% retention. 

Biodegradable sustained release nanqjarticles for intravascular administraticm of 

10 therapeutic agents would be of extreme vaJue in the treatmoit of cardiovascular disease such as 
festem«i$, for example. Re-cdis&iK^n of corwtaxy arteries or other blood vessels, after 
angioplasty, has generally been termed resteno^. Tyi»cally» within six months of coronary 
angioplasty, about 30% to 50% of die treated coronary lesions undergo restenosis. The 
proceswt teading to nsaencms lilcdy invc^ve a ccmOitftttkm of acute thronUxxsis following 

1 S damage to die arterial wall imposed on a bacl^round of {»re-exi$ting arusrial disease. The types 
of ac^ve ai^ents which would be tisdful for ^te-jqpecalic tpomeasi to mitiga^ and/w T^wtni 
restenosis <»ver a broad »nge» intruding anddtron^enic agents, growth factors, DNa, 
oligonudeotlites. antipta^et drugs, immmte modulators, snm^ muscle cell inhibitors, 
cytokines, anti-inflammatory agents, and anti-atherosclemsis agents ie,g„ antiUpid agents or 

20 aitikalcificatimii i^gents). 
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Various iimg ^vay stral^ies have been devised fw fs^iann^iaglcal Intetventton to 
fmsveRt snstenosU. One sud& ssmegy mvcivts ^ m'mive j^aoeme^t of penadve»tittal dnig 
4eil\^ systems, comprising atnttoil«d rtitease polymer pn^nraiicms, on the outside of Mood 
vessds. Ex{iamlable batkxm 9ti0ofHmy stents hamg tfang^pt^ymor coatii^ also been 

§ Investigated. Hie stem de»^M» are lifted, homvetr to i»e in istual^s mittinng stent 

aogiqulas^ and ^ffer the forther disa^ivanta^ ^ the anMRmt <tf drag and pol^ner that can tiie 
contained in the sysinn is United to lh« strte arm <^ ttie stnits aatd wins ecanprii^ng d» stent 
Another knowii i^roach for pieveftting lestenosls is itgioiial 4m$ iherapy involving sc^ifiental 
irtenal iniiisioKis of drags of ittmtt to mtaid ttte events Hm lead to itistenosts. The results 

1 0 5KJhiev©d by fte isiown system have been telalivdy ineffective due to raqpid washnaut of ding by 
the blood flow. There thus, a need sustaified reiea^ drug delivery devices for local, 
mgiona!, and/or tafgeted ^inimstfa^on of a variely of thera|icutic or bio^tive agents, to sites, 
3»ich as the vascuiatum. Of course, the same need exists in many divme appltatdom, such as 
$em dieni|iy, caiicer thoi^, txoitment of localized tnfoctitms syrid inflammatofy Kasctions, utd 

1 5 diagnosdc imaging. 

One of tte pit^lams encfoontene^ in die dewk^ment of sustained lelease drug delivery 
devices has been &iding a imit^le biocompatible, bioc^odable polymor to serve as a matrix or 
depm for the thex^^peutic agent A variety of t^od^^iadabie polyinm have been syndiestzed and 
used in the ptactice of medicfne< However, most of these biodegrsutable polymm are unsuiiable 

20 for the manufiui^tiire of sustained release drag ddiverf systems, particuiarly nanqpartlcies. A 
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a»nnK»ly used polyiner Is the polyester, J»lylactic»i»lyglyc«^lc add copolymer (PLG A). WMle 
PiOA is iHocon^atitete, it dt^tides relatively lapdly. Tim, ti» use of PUSA for tong-tems 
sustained release drug ddivery $y$iems lias been Saated. In addition, due to the limited number 
of hyd«wyl groups on PIXSA, it has been difiwult to cfaemicaiiy link a significant amount of 

B bioacttve to &e polymer daun. Tbem h, toefoie, a need for a means of ptoviding 
PLOA, and other non-seactiye pc^ymers. with more reac^ funetiottal sroa|» for subsequent 
chemical modificatbn »idl/or liiddng btoae^ There Is also a need In 

the art iKocoaqiatibk fK^ymm which have kM^-^term bkwrosion characterise. 

Polycaprolactonct anodierblod^radable polymer used In the medkai field, has tong-term 

to mstamed fvlease pottsuial. in £M^ pc4ya^)fl^adoaes have been i£M)df<»>co^^ 

incoipimiting hydrophobic ai^ts, stch as sKax»(b. Unf<»tuiKate}y. polycaprotacttmt^ are tan 
useful for hydiophilic agents, or far n^nd letease si^ications. Polycapioiactone also lacks 
leactiye limctiona] group diaft can be used to ibsivatize, m chemicaity modtfy, the polymer. 
It wouh) be advantageous to lorm a new blodegiadable pc^yn^, containing d» hydrc^hobic 

1 S polycapralactofMs block, tot widi mine <te^na^tehydrqpht}ic cdtauat^i^cs, r^id biodegrada^n 
kimsics,and the po(entiai for lutted0ri^ Onw^ the addition of reactive qpoxy 

gKJUpS). 

Some nsearchers have synthesiaed polylaetone^yether l^ock copc^ymers by initiating 
polym«tatum t^ia^one maaamm using a poty-giyooi as an aikxriK^e-type itdteir. However, 
20 dsis tecta^ue renito in On fymasam frf » BAB*type block topoiymx wi»rm the hydnc^ilic 
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segmmt ts in d!e fniddle of the blodk cofiolyina-. Tlus tedinlqiMs has tfie fat&m disadvantage 

thatcmiy low molecular weight polymers can be formed. There is a need for a technique which 

chemically links hydFophc4>k and hydix^hiUc copolymer blocks in ABA, BAB, as well as iAB)^, 

form so that hydrqfrtrabM^ and molecular weight of the block cqwlymcrs can be tailored as 
5 desired. There Is mevaigixsa^mxd&M'I^K^ copolymers having itsu^ 

such as hydroxyl groups, m both ends for ready chmical modificaiton, sud) as coupling to 

heparin, albumin, vaccines, or (Hher biomolecules <^ interest. 

It is, therefore, an object of this invention to |m>v}de a biocompatibie biodegradable 

sustained release drug ddlivery systimi for local and/or targeted administration of a variety of 
10 ttM»sqx»ttic (xr btoat^w ai^ts. 

It is another object of Ms invniticm to provide a sw^ned fidtease drug ddivery system 

for cathei^-based local dnu$ deitvary itf any site whk^ can be acos^ 

cnr by other intcrventlona} means. 

It is also an object <^ this invention to provide methods of making sustained release drug 
1 5 delivery systems which campmt biocompatible btodt^radable polymers, and nanc^ijarticies in 

particular. 

It is a further defect of this invention to provide methods of making sustained release 
drag delivery spstma which comprise btoccmapatf^le biodegradable naiK^»iticles having 
improved properties, si^ as targeting ^ility, retention capability, anti-thromb<^enicity , and the 
20 like. 
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It is yet an additicmal fitopxi of Ms imea&m to fuovidft a me^iod of matking uttrasntall 
nai»9{)fiutki«s 20 to 35 nm in <toeter). 

It i$ additionally an object of this invention to pmvk m imptmtd biocompatible, 
biod«$;iad^le polynier having, hydrophobic aiHi hydirofihilic diantctemtit^, ii^idi i$ suitable 
$ fx ita3ao% sammed seileaae drug tteUvery sys^s. 

It is yet a liit^ object of this ui^^emttm to isovidb an impeowed biocomjpaidbie, 
biodegtadable polymer havwg leacttve functicmal groups m dw smfftce ^iMdh are suitable for 
chenMcai tnodillca^tHt mii<» Itnidaig widt bioadtive agents of interest. 

It is also another oliieet of this inventioR to ;^ovlde a method to con:^ nsac^vity, or to 
1 0 activi^. die surfiux of biocompa^le, biodegradable polymers which aie othemise relatively 
iitffi^. 

Sammary of fiie Invention 

The fone^oing and (^ter dijee^ are achieved by dm inviaition which inovido^ a sustained 
p^taat drug dtiiveiy systnn comprising nanopaitides;, pttfexMy suriaoe-modified 
I S naiKjpatticto. The mncpitides are a core of btodepadaisle, bioc<»npatib}e polymer or 
biomaieiia!. Tim average dianM^ of the nanojpaiticles of the present in^tton is tyinaUly less 
th»i iboQt '3C0 nm, paitieMy in Ova tm&t of 100 nm to 150 nm, and more prefittabty iO nm 
to SO nm, widi a narrow size distrtbuticm. 



TUt polymeric coR» may have a bioaidtive, or biosiUKlive^ agmtor combtiiation of agents, 
atcospOR^, c»nbeAled, enttuiMsd, cur mherwi^e made pm of tte pdlymer matrix compdsi&g 
the t^opaitlcle ofxnt. Tim mmpsmiliSBi btoactive ag^t is fdeased as the poiymer hydmlyxes 
and eti^iQ^ves, tiMsndiy l»od^nuIuig. In adytti(», fiie stafnet modllymg a^t!<$), which 

S attached to the SKGtfiice <^ the iK»lymef a»e The suil^ modtfying 

agent, fw exaiiiple, tmy assttf in taifetfaig tiHe nanqMotibles to % (tesiied ^te ie,g,j as an 
antibody) or in retaining the fianoparticles at the site (e.g.. as a ceil adhesive). 

As used heron, tfiettsms *1i^kKXH^^ <w ^hloinitfnlal* «kiKi«e»sy s^^Uietic 

<»- natuiaiiy-den^ polymoic aiate^ which is known, or becomes known^ as being suitable 

to for mniweUtng ttses hi On body of a tving bc^« i.e., h bK^ioiUy tmst and ]^ys3oioiicalIy 
BCxei^s^Ui, non>toxic« and, In the sustained lelease drug delivery systems of the present 
invent. Is biod^iadable m IHotKO^telsle in iSim esvinmmett use, i.e. , can be n»orbed by 
the body.* 

Bliuacraims tttamateanuiib i»ntM £ar i«e in tht paedoi of the tnvmtkm ii»hidb» natutaliy^ 
1 § def!\^ polymers, stich as acacia, chitosan^ gelatin, dextrans, albumins, aiginates/starch, and the 
Wat; <Mr sysOetlc polym^, wltedier hydtof^liaSe or hydn^^K^. 

Bioonnpatible, ModcfTad^le synthetic ptAynms which may be used |o formulae 
iumofwticIesineSttde, bttf ai^notUmitedlo, p^ siKiliaspt^ylac^) poly^lycdides^ and 
polylait^c polyglycolic copolymers (PLG A); polyethers, such as such as hydroxy-terminated poly 
20 Cf<^»i33actone)i>olyetherorpolyaqs^^ 



SiK^as n-butyl cyami^aoyiate; poiyaoylamides; poly(orthoe$ters); fK^yphosphaztsnes; poiyamtno 
acids; and Uod^gaMilc pciyurs&amat. it is to be m^^mood tfiat tiK; term pdynMS- is to be 
construed to iiKlutte c^iioiytneiis and otigomm. 

I» m pasSated mibo&msit the ^bccm^pi^l^, l»odqgfadi^ synttM^c polymer is 
$ pcdyiacUc |)olyg!)%oiic add co^polymer (FLGA; amiable fwm Birmisgham Polymej^, Inc, 
Mrmb^bant, AMNuna). PtGA. fta- examine, 1$ FDA ^Jimiwd i»d cwtna^y used for s»)i^cal 
subires. Additi^aliy, PLGA is commemally amiable in a wide xange of molecular weights 
varto b^kidt^gpradate t^toiaciefydcs. FLOAs wt^isMt ftnr use in tiie pm^m of the 
invention bave molecuilar weights in the range of from about 30,000 to 700,000, typically 3^,000 
,10 to 90,000» witb an tntnits^ vis(»sity ranging fsom 0«5 lo !0J. 

In another prefened emboc&iintt of the mveniion, the biocompatibie, biodegiad^le 
syaihe^c pd^mer is a pcAycaptdac^oitt; i^pecifkaUy* novdl p(^ycaprolactone^»sed muitibtock 
copolymers which contain hydnsphobic and hydiofjbilic segments. In a particuliarly prefetted 
eiiilxiduiM»^ tiMs imdtiNocic GCpdyam is qpoxy-ctoiviaisasd and suilace'ac^vi^ as wiU be 
1$ dis(»issed imte completely h«#^ow. 

As used boon, ^ term *lMaa^ve iiy^ant" means a diemkal crnnpound, or oqmbinattooi 
of omipotmds, aabiratly-KKXwmri^ m iynHtm^, ^iMdi possess the propesty of influencing the 
normal and patfHHogic b^i^ of living i^st»ns. A bioaotiye can be theia|)eatict diagnostic, 
profiAykictic, cosmetic, nutritional, eic. In some cases, the bioactive agent can be blcanactlve 
20 In tbe braad aeaar, an exdinent or filler; an adjuvant^ whkli will m In c^mjunctkm, or 
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combimtton, with erne or more other bloacfxve agents; or a wtfim modijfying agent as will be 

Of ocHtrse, the term "bioac^ve a^ent* includes |^iarmace»tical ^<sits, alone or in 
eomi^Batton wi^ otber j^imtaa^aM agents and/or bk>active a^ts^ 

S in pa^mtd embodtmeofs of inwnticm, the phanmceuticai a^ent is a cardiovascular 

agoii» tpiaitkiulady a canKoioscnlar i^t which is uaeiiil foir the treatnient of restenosis of 
vascular smooth muscle celts. The cardiovascular agi»it my be a stimulator, such as phMtelet 
^yed growth Ifociar, ««dkMI^ oc^l powUi fiactcHr, IR»crf3|ast giow^ factor, ^nocMli mttscle 
ceU^eii^ growth fiaictors, Interleuidn 1 zxkd 6, Gtansfoiming growth £actor*^, low density 

10 i^pa{»nMein, vasciactive »tb$tsaices (Antioit^idion % ei^nq^hnu^, noK^e{^inne« -5HT, 
neutape|^<te substftRces P«&K, «Kio^lin)« thrombin, leukotrins, prostaglandim OKjEj. PGi^, 
«l»d(^ma! growtii Uetan<^ ono^enes (o«myb, c>inyo, fbs)t or proliferating ctiQ nuclear anttj^; 
inhilHtorsjsuch as tzamforming growth factc^-^, he{)arin4ite lactors, or vasorelaxant sub^ces; 
antithmmblRS, siteh as bqMkHfi, hirudin, or hintlog; antipiati^ agents^ such as aspirin^ 

15 dipyridamole, suliSi^^ymone, saiicyUc acid, dcosapen&Mmoic acid, ciprostene, and antibodies 
to platelet glyoiqnnMeln llb/£3a; calidlimi channd bioeltm, suc^ as nifedtpiiw, vmpttsiil, 
diltiaasem; antitenjdin ocmverdng enzyme (ACE) inhibitors, such as caisqptil or cilazapril; 
tmmi8iosup|ffessBnt$, such as steroids or cyclffi^fin; Mi oils; growth Ifoctof anfiigonists, muh 
asan^of«ptin or traptdU; cytoskeic^ inhibitors, suxk ascytochda^ns; andinflammatory agents, 

20 sich as d«tain(^H»»)e; thiombdSytic agmts, wch as j^^q^tdtose or tfroidmuse; and 
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aiitifm^feRttives, such as coidaeii» car U-8e?S3 provided by the Upjohn Company, Kaiamaaoo, 
MI; hernnaHutr *U86''); gene^c maiesiaJ siWe for the DNA or a»t!-s(»se treatmoit of 
cardybvasc^iUo' diseaise; prot(»A kinase inhibitors, as sia^K^poiin or ^ like; smooth m»$cle 
m^tatkm aAd/e^ oEwtrao&m iafttl»K»$ me^ as the cytochalaans, stnunm, and futiic oxide* 
releasing compounds, such as nitfoglycerin, or anaic^ or lunctional eqitivaiaits thereof. In a 
particularly pa^^md embodiment, directed to i&e treatimMit rn^niocut^ the bioactive agimt 
is the cytoskeletal inhibitor, cytochaiasin B. 

Of course, gendic maierlal £c»r the tHHA or anti^serae ticatmoit of caxdiovascsdar ^uease 
is spectHcaiiy tnciistkd. Blu^^ve (»iainpi{» am plateiet-^lerived growth factor, truisfoming 
growth ]&wtt»s (atpha and beta), ^imililast growrtit Uai^ (acidie and basic), angio^sin il. 
bepann-binding epidermal growth j^tor«!ike »MABCtiie$» intc^ieuidn-l (alpha and beta), 
ltofedettkiB-6, inaiiin-Ulee growih fy&ots^ mts(^mm, prolifmting cdl nuctear anttg<»t« cell 
adhesion jnoiecules, and platdift surface astigims. 

lo still mbot^mem of the siventicm, ttet bioee^ve as^t is a pg&uin or pq[>t}de- 
baaed vacc^, »ich as bademd vacdnes, indwl^ ti^us, dsotet% toxin, Staphytococoyis 
e^enm»xi& B, BatisHns, pnoanococcus, St:#yloGoen» and Strqpiaeocicos aniens, and othqrs^ 
K Coli (ent(»(^p8ilt(^gsenk); and viral vaccine protons, sudi as «U AIDS Mitogens, vitid proteins 
(e.g., influenza virus |»oldins, adenovirus, and otl»rs)« live virus in raioocs^uies (e.g., 
attenuated poliovixtis), Hii^iatttis vvnl con^poiwnts, and RoiaMrus eon^ponents; viral and baetenai 



polyi^iCc:l)ari<le$; and DNA-tmed vaccines. In e particulariy prefened emiiodiinent, the protoin- 
based vaocine n Tc^us^'Tcmcmi* 

ill €&m embodiments, dkected to Hie tieatinait of canj^, the btoactive agent is an 
anticanc^ agents ifii^tiWEly alkykting agents, «tch as nwchla«£hamme« cyii^kqpihDsphaiEit^^^^ 

S ifosfamide, mephalan, chlommbydU hexame^ytmelamme> Hiiotqpa^ busullan» carmustine^ 
tomitstsn^ lomostiw* semustsne, steptcKKOc^ dacaurbazme; antiiiietabolttes, such as in<!^otnsxaiev 
DuofouiBCil, floxuxidine, cytaiabine^ mercapt^^urine, thiog uanine, pentostatln; natiiial products, 
siieb as alkaloids (e.^^ ^blasttne m vincristifie}^ toxins ie.g.^ etoposkte or t^i{>osa»ie), 
antibioties » such as dactiiioniyDin, diumarabidn, blaomydn, piicamycin, mitomydii), and 

10 enzymes^ <e.;. » L*i^s|»aaginase); bioio^oi! n^pmse modi^ers, ^h as Interferm^of; hormones 
and antagonistSt stich as adienocimocoids (e.g^s des^ameihasone). proges^ns, esteogens, anti- 
estuDgens, andn^ens^ gonadoti^in sdissasing fKinmme analogs; miscetlaneous agents, such as 
cisplastin^ mimxantione, hydioxyu»a, pmcaibame or adienocoiticai suppressants (e.^., 
mitotane or aintnoglutaetfiinitide)* Other eKamples^ s^aeciUcally inciudei anticancer i^^s, such 

15 as tumor suipressca' genes« such as Rb aral P^^, cytokine-producing gones, tumor necmsis factor 
a<DNA» canemoembryc^uc andgen gtme, typholdlne geiuetf te^n-mediatesd g^ tbmpy, and 
antisense RNA of B6 and E7 genes. 

BioQCtive agents useful in the practice of iht invention* include, ^without limitation, 
ena^mes, »2Ch as coagulation factors Cpiotbiombin), cytolunts (plateletnienved growth fmot, 

20 fibroblast growth ftctor), cell adhesion molecules (I-Cam, V-Cam, inte^rin); tnui^^rt protaans. 
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such as albumin, fettt&n, tiamSems, ealn»>dtili!i; and biologicaiiy actlw pq^des, such as those 
containifig ax|^»iiiiM^glydaM^aiafl^ (RGD sequence); McfKdiynMsrs, imdt as nudeicaods j(DNA, 
RNA, oIig<HiucleotKies and antisense I^HA and IU4A>» |»iHaiitine, collagen, elastin, 
matinx jm^dns (e.;.* gj^^s^xaite, agfieaB„ Slycan); cailxj^ydtaies, as mmh and 
polysacchaiides, dextran, 3gar» agarose derivatiyes, monomerie and jpolymer^crosslinked 
pa$ysaQGiUGrid«$; |>fo«og!ycam^ such as heittite, iM^panm» i^h^iiuuafhstifitte, and ndated 
ffuuaomolecul^; lipids, such as phosplioUpids, cholesterol, triglycerides, lipoproteins, 

bii^o^honates, im channd agents, and caicium channel bloctos), imaging agents^ and 
pc&ynmit as c^suioaciyiaiiss, pc^j^nmie acid^ »id cri^lUne salts, mch as 
(meocmiductive salts which am conducive to bone-mineia] formation, such as calcium 
{ritos^^MiiKs, hydrcHKyj^p^le, oc^acaldliim pbsn^ia^ tncaletum f^xos^iaiCt or trace nm^s, such 
as fenic chlari(dk», alumina, aluminum cMoride, or zinc, magnesium, or cobalt salts. 

in ltKrtfM»' ensbodiment, the bioac^ a^t is a iit«^ acad, j^Kctfically an RNA, 
DNA, oligoniffiiieotides of RNA or DNA (sense and antisoise). Speci0caily» mciuded are 
osteocmfkii gem or gene s^sEmas^ such as bsm wiosjpin&x^ jmjitt^ O&MPl ai^ 4 and 
others), transforming growth factor, such as TGF'i?l-3, ftctivin, phosphoprotelns, osteonectin, 
osieopontin, bone slato{80lB»i. osteocalt^n, vttamln4c dependent pfO^* i^ycoproteim, and 
collagen {at least I and HO - 



Ai used hemn, the term "sudHaee modlfytSjg agent* is delined as any chemlcai or 
bloiatical wmpmmi, which may H a bios^ve agemt, immg i&us pr^xaty of altenng the 
smiusc of iianqpafticles so as to pfsfmm m» or tmat of the foUowing fiutc^cnis: to laiget 
hmtSng of the nanopanicles to tissues or cells of living systems, to enhance nanoparticie 

5 sustaifUBd reltase proporties* iiicluding letendim at the site of administitation, to protect 

rano{»rtidle«»^oiporated hic^ctive agents, to is^^ aiMlfhnMnbolyttc elfects, u> improvt 
WiiSpitsyiM&'^^ and to itnevent aggti^atkm, 

Sutiace nsodilying agoitts iiicltiile« Imt are not Emtted, va^oos s^Uu^ polymeis, 
htoiio^ymers^ low molectilar wi^ght oligomers, nafttral products, and surfactants. 

1 0 Synthetto pfAymm wiudb are aseAiI as sirfaee modifying j^ts iodude carttoxyme^yi 

cellulose, cdlul<Ke, (»Uuio^ acetate, c^iulose phthaJate, polyethylene g\y<M (Cart>owax), 
pc^yvinyl alcohol (FVA), hydroxypropytmedliyl celluk»e |lid»la«$, hydmxyprcpyl cdlulose, 
sodium or calcium salts of cafhoxymeUiyl ceUulose, noncrystaltine ceUulose, poiaxomers such 
as Pltmrni^ !P6i FI2t whidli a^ Mock ccqpolytnns of i^ylei»e oxkie and propylene oxide 

1 § avaliidiie inmi BASF, ^arsif^yt NJ, poioxamines (Tetromc 908, «rc), <h»xtrans, swellable 
iQRijtDf^ Whi^ »re mixtures of dextnuu!, such as dk^yl ammo^^yl dextnm (DEAE-dextran), 
polyvinyi ppoUdor^, pcdys^cne, mi silicates, aich as Bentcmite or Veegum. 

I^tal fRoducis, tnchxte pn^ns and pq>ti^, snxk a& acada, gelatin, casdn, albuontns 
(ovalbumin, hum^t albumins, etc.), myi^lobins, hemc^lobtns^ and su^-cont^ng compounds, 

20 iRieh as tiagaouith, siipn, such as soibltol or mantiitol, polysaediaite (e,g,^ ficotl), and 
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{lectin. VancHts lipids ant spedfically incliiiin}, such as lecithin, pho^^Upids, choliesterol, 
beeswax, wocrt M* siii6»n&sd <»is. mi tosn soap, 

Froibsins and peptides spedilcally omteinplated to be within the tnyenticm ssdude vascular 
smooth muscle bladliig {»Qlai»« Uitistnittvidiy, mosockmal and pdyc^Oiud «itibodie$, F(ah')}. 
$ Fab*, Wm, md Fv fmgnmts of antibodies^ growth hmn, cytokines, polypeptide hormones, 
maeromoleciitar lecognizing extcacdhiiar nuaiix leoeplois (such as inte^ and fUnonectin 
recqitors and tite like); pi^des ibr Intracdluiar stxoina and msuix localization^ such as any 
pfip^bxmgm9iMtyf»€xm^ (e,g„ teaas^). cx^U^, re&»iliimt or 

elastic fibers. 

10 In erobodtmoi^ directed lo ernxx then;^, for txm^, ssntes modiiytng agents 

include tumor cell binding proteins, such as those associated witfi epitopes of myc, tas, bcr/Abl. 
oriNB. mtKStt, cfxHsmt moeg&m JL-^, BGF, T6F, ntyc) whkh locsim &> certain 
lymi^omas (myc), carcinomas, such as colon cancer (ras), carcinoma (erbB), adenocaitcinoma 
(mudns), Imsast ameer and hQXit(m» (fL4 mcsmh bn»st amase (EGF atfd TGB), 

1§ respecdvely. 

M miMi&mitm i£aeeted u» tmmumhEa^, snr&oe im)dtf|Ha^ agents indltide toxins «Rd 
toxfHds, sudh m eholem toxin or toxoid, fragments of same Bn^haln) to cfdumx its vpato 
or imatase imniiifMfei^^. OOm mrBustt mocfiQ^ i^ts !|»dl0cal!y ineltide 
immun(»timulants, ntch as moramyl dipeptide, block co*polymers (e.^. « Flufonics), lipid A, and 

20 i^ iwociAe i^d^ien of the mm^iped vaocdne. 



IUi»tratsve non^iomc mr^emis «^k^ sarve a sur^ tnodifiriitg agents are 
poiycixyethylene sc^bim My add (avaMe commercially from Hotiiies, !nc,, 
WUmingtOR, DE uiuter the txademark Tween), sotbttaii fmy acid ester (available mmrmcsaily 
tnm HerciMe$^ Jm. umN* die ttanlemark Spm, huty Ocdbel^ »icii as cetyi ateolK^ (nt s^aryl 
alcdiol, aUQri aryi polye^er suiitmatte {available from Sigma Chonicals, St. LQuis» MO under 
the trademark Triton X), diocty! ester of soditmt stttSsimicdiiic ackl (avaBat^ fnm AUas 
Pcwder Company, Wilmington, DE under the tiademaric Aerosol OT*), Anionic sarfaciants 
indttde sodium dodeqy! stil^« sodium and potiaskmi saitsof fimy ac»l$ (socfium oteaie, sodism 
palmitato, sodium steaiate, etc), polyoxyi steaiate OAr^*, Atlas Powtier Company), 
pcdyyox^e^ytene lamyl et!^ (Batij** Atito fowdet Compmyy^ stffbitan sesquicieate (Arace!*, 
Adas Powder Company) tnethanolamine, fatty acids, such as palmitic acid, stearic acid, and 
glyoenA lanmas of fittty adds, mli as glycencd Rwiiostean^ Bcean^iiary oitiontc surfactants 
uiclude didodecyidimethyi ammonium bromide (DMAB), c&cyl trimetbyl ammonium bromide, 
beiizaliamitunidhkn^ NiaaKleeyttrimeAylammom)mtdiI(mde,dtm^ 
N>ce^l>N-^y)i motphoitnitim i^hosul£&te (Atlas G>263, Atlas Powder Company). 

Tbt idomnBB^moi fwiacdw i^sm and sutfiice modifyhie t^ts are Slu^xative mty. 
Any bioacttve a^ent andMr surlace modifying agent which can be incoifx^atod into a 
btem^po^Ie. IxkidqEn^te nuolx a»d/m^ a^dMx} to the waxiux^ of ptiiyvm^ such as by 
coating or covaient attachment, is witbin the contemplation of the invention hemn. Broadly, 
^ dassificatkm of bioactive ag^ his been bnta 4am imo ea&s^iories depeiKiuii; on the 



method used to incorporate them in nanopaiticies based on the hydrc^obicity/hydiophiiicity of 
^ argent. 

iti acconiaftce with a nu^hod embodimoit of the present invention, flufiofiaiticies may be 
pnpastA by what is feaaricalty termed hemn as an "tn-solvoit (snttI»liea|jk)nH»Qp»ati<m* 

S teehmque using »ngle (c^-tn>water) or multiple emitMfications (vvaier-in-oiy n^-waler) depending 
1^)01) whether ^ inorapiKatail tm»c^ agn^ ts hj^drofiAioHe or hydro|!ilii!ic, or a 
procein/pc^de-based hydiophUic agents such as t>NA-containi»g agents. For a semipolar 
bloadlve agent, » oHH^vmt using 9 ooii^^bisaKm isf polar and tmpaiijar wa^yftam h used 
to fonn a sin|}e oi:|aiU€: j^tase ta dissolve both bloacsive agent and polymer which, when 

10 anoyfied m an aqueoos fiasCt losns an oy-in-wsi^ ensok^m. 

For hydn^hobic bioactive s^mts, the polymer and hydtophobic active agi»it(s) are 
dissc^wed in an oi|;a«ic solvent. The c«sm& sdlti^cm h x$$td iSxop-mse m an aqueous solution 
of a di^iient» siofactsnt, or other emuislfying agent, with sonificalion (15 to 6S Watts «s»iigy 
ootptit 0ver a period ctf 30 seeoii4$ to 20 minutes, |»«jM»!y 9bcm 10 mtnuies) to fom a st^le 

IS emul^on. T%ms MmtHcattoii tabs {ribce over m ke in order to keep the polymer fmm 
meilsa^. EmMlya^ ngem is ^piollly imssent m £te aqcetHts sc^uticm m an anHmnt ranging 
finom about 0 J % to 10% w/v, ami {weferaliiy i^HXtt ! % to 3% w/v. Hm» o^g^c SGivtrnt Is 
enpirated finp the «milsk»i. The nanopattides are sepaiated from the n^aaining aqueous 
{^ose by centrijiigaticm, or pn:feral>Iy ultracentrifugation (120,000 to 145,000 g), washed with 

20 water, and w^eM^x^Bd and deeat^. 
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The washed iianqMurticies mt ttmspetM in water by smicatioR {lilustratively, 65 Watt$ 
f&t mt mtttiite over m ict totti) and, in some i^i^xKliirHSiits, iyq^lttlized fof sumga mvi/or 
subseG(iM»it in»c«$suig. tyijf^Iiasatio!} is done by first ireeziitg the nanopandcie «ti!^$lon over 
dfy ice fm* 3040 fnifiutes and then lye^Mizmi Is a lyofihiHzer (stdi as UoM FM 3St plus, 

5 sold by Hie Viirtis Compsuiy, inc., Gardiner, NY) at temperatttm of fmm iSosmt ranging from 

bout C to >S5* C under a V9smm of SOO n^torr or less J3r a petka of time of at kast 
24-4S hours. Id S{ieci0c embodtmous herein, iyi^lizaticm was cottducled at a temperatore .of 
•SS" C and vacuum at 55 nillittoiT for 24-48 boms. tHe lyo{iliiUzed rauiopax^les am stored at 
4^ C in an ai^ydrous envinmxntent. 

10 The naiKiparttdes are slored m a dtaslcc^ed foxm masmid} as walo* can erode the 

polymer. The nanoparticles may be sterilized by radiation, such as gamnui radiation (2.5 Miad) 
or dlt»tna»i beam ie(^HM^c^, as is km^wn »i the ait In the altematiw, the nam^fjartictes may 
be prepaied in a s^e (miHioonumt, using sterile components. Of course, other means of 
steriliaii^ &m muioparticfes can be emi^oyed. In addUio«, ^ mum^iarticlcs may be sii^ at 

1 S torn tmnpeiattffe, but are preferabiy stored at 4** C. 

Sui&il^ »x^laemiii» meM in tiie paac^ of msiiod m^o^mmu <^ ^ present 
invoition. for malfuii; oil-in^water emuhucms (e«g., Examples i, 8, and 2D), inciude ^athout 
Mta^, piriyvin)4 aieoM; pt^yoxye^yi^ SMita fiitig^ tnuaes sold oominerciaUy under 
the txademaric Twecm (H^cuies, Inc, Wilmington^ J>E% poiyethy!(»e glyt^is; ttiethaunolamine 

20 Ittty add mm^ such as ttietedamiae i^es^ so^um or potassium salts of ^ttiy i^s, such 
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as sodium oleate; sodium hmyi suiphate; cdiutose acetaie; potaxomers such u Fltiiomc*" F6S 
or F}27 wludt ace IMc cofK^ymers of ethyi«»ie and prapyteie oxkle availabie from 
BASF; ai)4 <|uatetMiy ammomum compmtnds, such as dyodecyldttnel^yi aminimiiim bmniide 
(DMAB). Fcff OKikrai; water-m-aS c^a»»ffi <e.jg., first enttilsioo to miOl^^ emulsion 

5 Examplei 5 and 10), soititan <sters of tatty acids, such as those marketed under the aademark 

SfMui toy Iiefcotes» bic., Mtjf afecriwte* 1^ mi flyctarol «am (tf JiOiy acwte, as 
giyccsR)! monostearate, mt pttifmcd. 

For hydfoi^^ bkwdiwe aj^ls, a tedmifite i^lag a co>solvent tpum i»$ been 
<tevdqped. The polymer is dissolved in a ftonpoiar organic solvent, such as methylene chloride, 

^0 c^Itmtfonn, eStfi aedaite, mxaiiyMitim^ heHil{wxR»sc|m^H^y or iH^afluoroacetone 
sesquthydrate. The water-soiubte bicoctive agesnt is dissolved in a semipoia]- organic solvojt, 
Sttdi as dinM^ylao^amide (DMAQ, dimetiiylsulfimde <BM$0), dinM^yUormamtde <DMF}, 
dioxane, and »:«t{»te. Whoi combined, the result is an organic pm» incorporating both 
paiymee and bioai^sv« i^ent The ospa^ ^haat is emtilstfied in an aqueous sq4u^ of an 

t S emulsifying agent as described m&i tsspcct, to the technique for hydrophobic bioactive agents. 
In siMW iMiiAKK&ffiH£att» s» agc^ can be ad^ 
of the hydrt^^ic bioactive agent Into the organic phase up(m solidification of the nanoparticles. 
As an exampter « ^Kt^ *eki satt, sue* as ao^um p^m^, an aiMc i^^ent wtdch forms a 
ccMiipIeK with a cadonic drug, such as tbutilide, to force the ibutilide into ^ oiganic f^iase. 

20 Otheragents fiivor paitltloiiii^ Isto 
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of &te supiems v^mt, or that mattaee the visc<M»ty of the aqueous phase. S|>ectfic examples of 
Umt pardtionii^, imaade witfxnit limhadan, catUmtc and anlonk ti{»ds (dqieRding upcm 
the chaf|^ of the tnoactive ag«it), and nitiltivaicnt, polycaticmic ageots, such as pnstamine or 
ix^yamaio ad^ tncliidlng pdyiym and ftotyargawie. 

5 While pm^s aiid vaccine antigens, fox txsmpit, axe highly waier-soluble, a multiple 

emiOskm techfiique was developed for to»i% proi^Hionfidning nanopaitkics. In tiiis 
technique, the water-soluble proteins are dissolved in distilled water to form a fast aqueous 
pha$e. 11)epdyfiierts<fisiohmitnanoii|iotaroi^B^ methytene 
chloride. Itie protetns^ntaining aqueous solution is emulslfted in the otfantc solution with 

ID scmiftcate to Uam a ymm-mtM pnvmy (»nul»csi« A seci8«l!ffy emulsion is fcamed by 
emulsifying the prinmry emulsion into an aqueous solution of an emulsi^ng agent to forni a 
wat»'«}n<<Hl>Hi>wati^ entulsabn, Ttm mpam st^vent is dieo &mptm^ from the i)i«ler>i»-<HMn-' 
wmt entu!si<Mi. The resulting nanoparttcles are separated from the lemaining aqueous phase 
by centtsliti^ttmn, wmhed. and lyoflttiiiasd as {MreviiHKdy ^tes^%ed. 

1 S The siBfsce of the pre*formed biocompatible, biod^radable nsnopartlcb core may be 

modified to d»al» ^otis advantages. For kttavasettlar tax&&^ local (hrtj^ dMsa^y, for 
example, it wouid be useful to oihance retention of the naftCfartides by the arteriai wall by 

use as a vacdse^ it w^uld be uselful to enhance the 
imftitinogenicity of Ibe particles for better adju^^t pio|)ertie5 . In this case^ immunosttmulants, 

20 msti as muiamyl tfipqnkte^ Iiiterleukin*2, Lipid A, and Urn vaccine anfxgra, wmh u ehoitm 
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toxin or the B-etiain of chdim toxin, could he msxsitpaaiusd and/or suisorbed to the surface of 
the munofaxtk^. Of coarse* &e |«KK^tttt$ are mimenitis, s|iecil^ly include 
antittuxNnbo!genic agents wni mucoadhesives, im example. 

Other advantages indude mip^ to c^l$» piot^is, or matiix, i^n^ectiQn of the 

5 iiKXtfporated bioacttve agent, «td enhancement of sustained mkam chaiacterisUcs. In addition 

to the ibiegoinip, the am be modified to toerease shdf such as hy buiiding-tn a 

desccant to pnsvm aggrepllon. Morawer, phldng a surfactant or detergent on the suriace« 
such as DMABy or a or <polysaoteiite, such as inansitt^, fk»S» or sucrose, mitigates 
against the need to somca^ mim the stored, d^tcci^ nanoparticies wt trstis^ded prior to 

10 tkse. 

Surface modiftcatiofi of pre-formed nanoporticies is particoiiarly advantageous since it 
avmds OHnii^ioitkms imdi dbemkal eiMitp^lMltty mriM^ ctwld tead to lailure of particle 
formation, In a method as^ect^ the surface of pn^formed nanq>articles can i>e modified by 
a{^rt)tng» c»r |^]iMUy adhtfing, u ka^ cnae surlaoe modtiying to ^ i^uit^paitjctes, 

1 5 without chemlod ixmdmg . 

One advamaigeous nM^httd fyt adscnf^ a surfue nsadt^g zg^t lo the muMparticles 
comjsises the s^sps of «}a|iending tfuc na»o{>aitkilks in a soh^B^ of tiie snrhsx, modifying agent, 
ot agents, and freesse-diying ^ siK^ieiKwcm to prodi^ a ooitli^ on tiNe naiKSfnrtk^. In litis 
prefened method embodiment, the pre-formed nam^Mxtides are sutgpettded In a solution of 

20 «jH^ac« modify af(»t in distiUedwateriA 
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w/w, and fittferabty abcmt 5%. Ty|»c8]ly tl)& suj^xmston contains about 100 mg tt) 1 gnam of 
nanopattidest ami m &m embodiimmts pxssemted heaein, 200 mg. 

in other embodiinents of the tn^tic^i, (tte surface iitodtfyt»g M$mt is covalently linked 
ID Oie {Ke^formed nanopartides. In a j^med advamageoos embodiment of die lnvend(m, a 
method has been developed to inoHporate reactive epoxide side chaim into the polymeric 
malarial compii»ng the nano{»nicle$, ¥^idi nactive side chains can covaiimtiy M»d other 
itKjiiecuies of interest for various drug delivi^ ;^pUcatton$. Hus technique is p^culaHy usdful 

♦ 

»»t»»Gch as tlie poiylactb polygl^^ic add co»poiyi»m wuiety used m drug d^veiy resean;h 
for biod^pdable formulatic^ iteihfixe&tiy leaciSve grot:^, and ti^refore, Me dtflicuU to 
deiivalize. 

In a iiN^hf^ aspect, ttte nant^pattkiies are subjecated to at least hydrolysis to create 
leacttve groups on tiie amUiOt whidt, tit the au» of PUS A, are hydroxy! groups^ However in 
Hht case of PLGA. Bowev^, It is to i>e »i«terstood that tl» leactive fttnetional groups cm the 
polymer tmy also be amino, anhydrides^ cauimxyl, hji^roxyi, j^end^ or sulffeydryL AHer 
leacdve time^smal grcHtps are created* the nanqpartleies are tfien eoRti^ted with feaeti\« 
mttltifimadoaai epoxide eompounds to fam tpoxy-m^&vmd nanopaitkles. The qpoxy-ac^vated 
faniOf»rlScles will dM»nieally bond to reactive groups cm biQaeti\« agents, ix^ch reacdve groups 
may be an«no» anhydride* caiboxyl, hy^rmyl, j^end^ or «ilfhydryL 

Hie epoxy compounds s»uts^le for the prac^ce of the present tnventu»i may be 
moixmias, poiyepmide a»iqpou»ds« or «|ppxy re^. Ulustndlve r^ictive bifuncti<»ial or 
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polyfoittiliofttJ epoxit^ suttal>}e for use in the fHacike of tte siventkm mclode, without 
iiisuttiiykMt* l,2<«p(»udes sudi as f^ytene axide or l«2*{>n3fiiytef}e qaode; btiiams and ethane 4i> 
giycldyi etho9» s«ch as liigtycktyl bi^anedioi ether» ettuuiediol digiyctdy! ether, or butanedtd 
dti^ycidyl eUMsr Cavattal»te ttom AMmh Chemical, St. Lmds, MO); er;^t(^ anhydrkte; tlMi 

5 polyfufictionat tpsmdt» mM iinder the tiadeinark Denacol by Nagast Chemieais, Osaka, lapan; 
qpk;h}<»bydxin (Abiridi Chemical, St ILotm. MO); enzymatiolly-indwsbte i^xmHies a^laMe 
fmm Sigma Chei^«ais, St. Ixntis, MO; mtd f^Mno-polymeitt^le i^xmdes (IHerce, RoekforS, 
E.). ifi |»efi»Ted embodtmoiis, &e i^y eompcniiidi are Denacd qpoiti<ci»i whkh are 
poiyfunctionai poiyglycerol potyglyctdyt (^er$. For example, Detiacol £X5I2 has 4 epoxides 

^ 0 pex molecoie aiul Doiacot EXS21 S eiwxtdes per nKilecale. 

la a sptt^ pa^xttd c^bodiniem, llhe poiymer is contacted witii the multifunctitsial 
qpoxide compoiaMi in itt jpveseiice of a catalyst. Stiit^le catalysts ittclude, but dxt tai itmited 
10, Ualiary amines, goanidine, imidazole, bonm tn0ii(»id6 adders, such as boron trifiuoftde- 
iiKMioediyUunme, bis^KKSjp^asaes, trace metals fe.^., Zn, Sn, Mg, Al), and ^nmonium 

15 c(Hnplexes<tfttie ^nMiI1W)'f AsF^. iR^herembodtmaits, Aereactkmc4ml)«{^^^ 

by UV light, for txmf^, in ttw f»esence of an i^n^»ia&B o^yst, which may be tttanium 
temwiyioride and ^B^^ zircoiidceae dikiride, carb<m tt^iibromktes or iodofitttin. 

In yet aae^ier metiK)d ais^pecs of tl» inventifm, the stui^ modifying agent may be 
incorpwated as pan of fSat pt>Iyii»sr matnx com|»istf^ the nancqps^t^. In a j^aedilc illustiattw 

20 embodioMmt of this ^^pect of the in>«ntili»i, nancfiafftictes having an mcoipoiated surface 



modifyiftg agent which is a bicKUthesive, speci0cal]y cyanoacrylate, are fonned by mcluding a 
cyamnciylaleHebntaming |»iyiner, such as isobutyl cyairaacryla^, in the otsanic f^iase. When 
the nanopartides sm fanned by an itt-soivent emuisifkation-evaporatton technique (see Example 
i4)« tim f^nnoacsyiaie becmm pan of d» po^ytm eott, Q&m ptriymats MMch wmU impart 
S a bioadhesive effect include hydrogels and Fluronics. 

in yf» another einMinient iMs 9sipg& of Ute l»vaitkm» &m poiyma: cott Is a novel 
ej)oxy-4envatjlze(i and aoivated polycaprolactone. Block copolymers having hydrqphobic and 
hydiOf^ic segSMsnts are s^^nt^sxsA by mtittiiae me^om between hydmxyl end ^xxtps mi 
^ide groups in an iUustrative im^m scheme comprising at least the following steps: 
1 0 (a) dissolving a fim pfAyma-^ in an oifank sc^voit; 

(b) adding a multiftinctionai epoxide in excess to the dissolved Urst polymer*diol so 
tha^ one of ^e qpcaude groups of the molttAmctilonai ^xt^ reacts with hydroxyl gTou;» m the 
ends of the ftrst poiymer-HjioI to form an epoxide end-ca^F^>ed fim poiynter (block A); 

(e) addmg an excess <^ a seeomf ptAymet'^ (iakick &) in tiie qMxtde la^sdroappeA 
1 $ polymer biocic A to form a hydrnxy^lerminaled BAB-type triblock copoiymer. 

Tim AHi&ifanGtlQnai c^x»dde aitta^ fe^ use Ir ^ pme^ of tfits aspect of tise invoitifm 
include l^2H:|i0xides. l,2^pro|>yk»ie oxides» butane and ethane di^glycidyi ethers, erythritoi 
anhydrkte, po!^i»K!ticH^ peilyglj^oen^ pclyglyd^)^ <^H!fs, aad ppkdtMiyidn. 

In some embodiments, the first poiymefHilol is hydrophobic, Ulustra^vely 
20 poiiyetptti^Kmt,p^yU^ The 
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second poi^er-diot, tberefore» is hydn^iiic. Ilitii^tiative hydrc^Uic polymer-diots indude, 
but are not Itmilesd to fwlye^y^e j^yo^, pdaxoimnrs, and polyQ^ytene oxide), in odttr 
etHribO(fim<mt$» ^ £int pdymeT'dioi is hydrophiUc and the seccmd polymer-dio) is hydiophoi»ic. 
Advuitageousiy^ the mc^kacttiir wdgbt the fim {K4yni«Nll(4 on be ejqpanded by 

$ epoxide leaction prior to osmbinaticn} with the second polynu^-diol in c«der to control the 
physscal pn^ieitUss of the restiiting multiblock potymer. Faxlher, the im^hod steps outltt^d 
a^xive Gsn be repeated to prodt»ee moltibtock poiymers of any desired cimn leng^. In a 
pieferxed erobocBnieat* Nydrc»y<>i^mnina^ pol^sers can be furdier vasteid with a 
nuittifiiiictieHna! epoxide u> form an qpoxide emi«ci^pped polymer, Multiblock copolymers In 

1 0 acoon^ttce with the pnsasnt invaitifHi have hydn^^Kiliic and hydn^iUc segmopits connected by 
epoxy linkages and ai« hydrcmy-^temiinatesd or e^KMtide-terminated with a moleciiiar weight 
bcsweo) abcHit 6^000 u> 100,000 as nwasured by gei permeation chsomatogiai^y and intrinsic 
>^scosity,. 

An qioxide^taimnated mttftiblock polymer can be ttax^ mth bioai^ve ag«it(s) 
I S h£»^ng at least oms lunettcMiaJ group diercxm which resets with <^)Oictde groups, stidi as amino^ 
aidsydmtes, carboxyl, hydrmyl, i^hcmc^, or solfhydryl. Of coisrse, h^ir«»ey>terminated poiymets 
cm naa with iimjac^e agentt ather Utrotigh tite termii»i hydrcnty groups^ or dirough ^ 
polyftmctitmai epoxide groups pvessent in ibt polymer chain. 

fo onler to use the i^ROporttdes in a piactical en^Kid^nent, they may be reconstituted 
20 into a stispension wiOi disaiied water or normal saiine at phy^ott^ical pH and osmoiarity. 
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O&tee suitable suspending media include triglycerides, physiologic buffers, semm or other 
senon/{^la«n9» jKi^dn GonsttMU, or <mituie met^ with or wttinout secum. Of course, 
mtapimti and «kfitives of the type well known in the art for use in conjunction with 
phamamitical compcKUticm n»y bt aMed. Smh exxipkem spedfkaily indliide comp^exing 

S 9gcnts amd peniieati<m eaiaapmt such as cjfclodextrans, and <wmcferity iidjuitting agents such 
as iiuynnitOl, soitHtol> xbA GcoSl. 

an alteraa^^tt embodSmtsit, nanoparticles may be provided in ait inj«s:tabJe suspending 
mediitm whicti gds alter ^teitk»i lo the R^gtrni of i^eetkm. For mmj^e* the su^ding 
roediam may be a p<rf(Mtainer, such as those sold under the tiadenaark Pluronic by BASF, or 

10 collagen (Type I, Type H or procollagen) Di*icb arc iiqiiKi a« 4* C, m mmify at 37* C Other 
cjtcnipiary su^qpendtng media for this embodiment, include bydrogels, such as prepolymeric 
acrylamiites w^idi nay be analyzed to fwm a wn^er-OMitaitiuig gd, eyanoacrylaies, and fibrin 
glue (a ftbrinogen solution which turns to ftbrin after it is Injected; commercially available from 
mult^te scmrces* liK^udmg Etfitom, &)m»rvtlte, HI), 

I S Typically, the nanqiattides ait present in the injectable suspension at a concentiation 

mtging ftom 0,1 nanopaitides pn* ml ««q[}e»dtf^ Htnd to iOO mg nai»^9arttcles per ml 
suipmding fluid. 1^ iSm mbodmem ecm&timi^ U^, a hydn^obtc anttptoltfeiative agent, 
f<»* example* !5 tng natippartictasi per ml is t pwimeA upper Hndit since a higher amount causes 
arterial damage. Ttie doisige of bioactive agent carried by the nanopartides in su^^enst^, of 

20 cotnse, depends f» the anMtott incmpOR^ in ^ i»oce$s. A pgstim of o^my skill in the 
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art iM^d tie able to siscestm the ikua^e for efiku^ and nequisitc amount of nanqpaiticle* 
maining suspeosloo tequtted to adminisiis' the inquired dosage. It ismbt onderstood that the 
nanq»rticles may he adii^ted for adminiMKm by other routes, such as isaJly or ^ the muoows 
meiiUMcaine, w i»ay be adiiumsUatNt intisixmsciilaxiy &t si^battaiMKmsly^ 

Nafiq^yttkies niade in aca»daiipe wi& tte isindp}<» ef the invention biodq;;rade In 
periods of Ume tanging are 30 days or )e$s to 6 mcmths or mcwe. Based m pmr exftoienoe 
with PCL in ssisenned cdease dtemge foms, it is amicti»ted that emOxxlifnents wliere ^ 
h»ade®nuiab!e jpdyn«sr is PCL mt provide sustained release of bioactive agent for up to 3 years. 

Brief ]>e»rlptioii of the Drawliig 

Compiehen$i(»} of the invention is iaciUtated by reading the following detailed 
itescri^lkm, ui coiioimction «nth tte annexed drawing, in whid): 

Fig. I is a giaphicai lepiesentation of the in vitm n»lease of a hydrophobic bioactive 
3^^t» 1186, feom nanopartk^es ma^ in aoe^irdance with ^ pmmt invaititm «^ich have booi 
snbJiK^ to stenBsnng gamnm siidi;^<m; 

Fig. 2 wfaicii is a gr^phica) fq^esottattcH) of the efSn^ of 5»»iace modification and 
saspcmm mediat on the uptake of US6-coRtaintng nanopaiticles expressed a ftg nanqparticies 
per 10 mg aneiy speci»M» In the ex vim canine modd; 
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Flg. 3 ts a i^t of fM»midinai/media xasn n^kis (N!/M) plotted apinst the £otal injury 
uidex as a measi»te of vascsiiar as induced in {xmune »«£r»s by an oveiinflaitefl catheter isdlom 
following adimnistrattcm of 086K^taiiimg nanopanktes of the pi&m utventkm; 

Fig. 4 IS a g^aepbk cefiresentitfUm of tiie Inhilntkm of i«^»(ms, «xpe$sed as the Nl/M 
$ ratio, fottowing ^ Io»l admtsi^nt^ <^ dexanM^^aaxx8H»iitatttiog PLGA itwnofie^les afbr 
triple angiopla^'induced injury m ms; 

Hg. 5 is a sdiematie repnama^m of a s^tfM^c jMocesdiire coupling an epcmide 
coffi^poimd to ia hydrcscyl end-gn^ip of pc^ymer^s imnqpailkles, i^iedficaliy PLGA 
nancpur^k^, and stj^sequentcoupUng <^ die res»iltirig epoxfaie»t(^imted polymer m&i hqpaiin; 
to Fig. 6 which is a grs^^hiqd nq»vs(mts^oo of &ut in vitm jcdNease of heparin from 

aancfarticks of tiie type ^tamn as onnpotind 25 in Fig. 5, as measured by radioactivity, 
expresKd as a peimit of bound h(^>afin rdeased ovttt time (days); 

Fig. 7 is as tU»stiad>« veadion scteme fw die ptoductifm of block copolymers having 
a hydrqphcAiic FCL sc^giMiit and a hydrt^lic se^nHWt, vtUck my be a hydrophilic poiyether; 
1 S Hgs. 8-11 show the specie of starting mati»rials U)t making the block cq»lymers in 

acc«fdanas the iih^ttiaUve veac^icm sdt»me of Fig. 7, i^tectficaity a polycaproiactcme-dtol 
(PCX^ioI), ^ hydrophiltc pokxtHmsr IHurmtc F68 (P(S$), polyethylene giycd (PEG E4S00), 
and a multifunctional epoxiite (Deoaco! £K2S2>, ra^wciiydy; 

Bg. 12 Is ttie spectrum of an hydroxyHern^naied btock co|>olyfner hatvfog h:^raphc^ic 
20 (PCL> and hydrophilic (F6S) segments are Unked by an epoxide (EX2S2); 
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Fig. 13 is the siiecttum of an hydroxy-tennimted block copoly mer having hydrophobic 
(PCL) and hy«lro|Mtc scfments Unloid try an efxmtde CHX252) with a 75:25 mSs^ mtio 
of PCL to PEG ; 

Fig. 14 i$ ihe sjiectnmi of an hy^aroocy-^imm^ btodk o^ymer of £h« shown in 
Fig. 0» but haviiig a 60:40 molar ratio of PCL to PEG, aitd therefom, a grmt&r propoition of 
hydmi^uUi; polymer ^tm the o^ymer ^tmm In F%. 13; 

Fig. 15 is a graphic :r^resentatimi of the perctmt of albumin (BSA) reitmimng in 
hyfimxy-lermiiiatati PCL/F68/PCL nanopaiticles niade in accordance wxdi Examine 18 as 
ftmction of time> in days« as comi^iied to Ihe anioum of albumin »maifil»g in a physical 
mtxtttpf j or dispefsiofi, of BSA with tiie PCUF68fl?CL MiJc^xarticlK; 

Fig. I 6A through 16G are graphical r€pres<^taiions of the stabiiiQ^ of the heparin coupJed 
to naitopafticles comprising tfte tribtock copolymers of Table IS ex|ires!»»i as % bound hc^^aiin 
n^naining in the nanoparticles over time in days, specificaliy the triblock copolymers mt m 
exfaanded PCL hcnnopotynier (PCL/PCL/PCL), and hydroxy^termiiiated ABA triblock 
copolymers of polycapiolactone ami Pluionic F68 (PCL/F68/PCL) or potyethylofie glycol 
(PCi/PB6/KX) as <^ii^par«^ to intimate f^ysica! mixtimes of hq^rin and fiie tribtock 
c^ipoiymm; 

Fig. 17 h a gxapbica! rqiresentatton of the in mro release of the hydiophc^ic bioactive 
ag«ot U86 from heparin*coupled nanoparticles of triblock copolymers as in Fig> 16, expressed 
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as the pefoefit of 086 released over time in days, as compm^ to the in nim release of U86 

fmm PLGA hefmrin-a^upled nanoi^des; 

Fig. 18 is a gaphisal itg^iesentatiofi of the m nm mlem^ of de%ameihasofie, as a perc^t 

KilOised over time in days, for naftopanictes of tnbiock <»polymers as in Fig. 16 (Table 17); 
S Fig. 19 which is a graphical lepresentation of the in nim lelease of afbumin (BSA) 

nsleased Irom ABA tnbiock copolymer films having 15% BSA loading and a thickness of 150 

tm expressed as the % BSA released over time in days; 

Fig. 20 is a giaphic n^nesentation of the in vim release of cytochalasin-B from FUjA 

nanof^cies prqpaied in accordance with a method of the irtverition eKpiessed as the ]^n^nt 
10 of tola! cytochaiasdft^B released over time (in and 

Fig, 21 is a graphical fepresentation of the immune response resylting from subcutaneous 

immufiisatton of lates with Tetanus Toxoid loaded nanopaitiolcs, as measured by IgG (^g/mO, 

at 21 days and 30 days post-Immunization, as compaired to the immune response in lats 

foHowing subcutaneous immummion with conw^nttons^ A!um*Tetanus Toxoid conjuj^te; and 
15 Fig. 22 is a plot of iuciferase activity (CPM/#ig protein) in COS oells transfected with 

specimms of DHA (}udifetase)H:ontaimng PL(3A nanop^cles made in acc^^rdance with the 

present inv^tion* 

Detailed Description 

In order to form nanofmtides in accordance with the present invention, it is important 
20 to reduce the interfaetai energy at the liqutd4iquid interface during processing . The reduction 
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la inteifadal eoiaegy results iit formation of & spontaneous and stable emulsiow}. Reduction in 
mter^urkl eaar^ can attained by at^tion s^pnc^Hi^ emulinflers to mtl«er or bcih^ 
of the aquaaus or organic j^ases. 

In addt^ to 1^ use of d^i^nspra^ mUmxiiiis)t ef^mtza^ of dti^tsvitt formulation 

S factors, such as the lelattve volume of Uie two liquid {>hases (1:9 is optimal as the inimaJ to 

external plnse la^o, howa«r« ritii» nuig^ ^ 9bmA 4.5:5.5 ate uiitable), mA the ccmcentration 
of the pQlymer and bioactive agent in each, contributes to the overali paitick size. The input 
of external mcaity durl^ the emutsificattfin pnx^ure, such as by an hcKac^is^ or scmicator, 
results in the formation of extremely smal! droplets of one liquid in the other liquid phase. 

1 0 £>^tporatikM) of &tt ot^anie servant soHdifi^i the i^utd ^i^^ into s^mll solid particles, termed 
tite "polymeric core* In this application. Bioac^ve agait dissolved in titSm an aqueous or 
cOiganic {Aase becomes part of U«e p^ymeric core matrix. 

The foUowinjg are sposific examples of nanopaiticies and methods of making same in 
jttOMKittice with tt» miwnti(m: 

IS L Mgthffis^igf Making Hmgpaniglcs 

^ Method for InswppBting HY<>rgplHH?fe Bwactivfr Agents 

In a typcs^ imjicedttfe Incmpcffatu^ a hydtx^^tibtc iHoac^w i^S(»t into nanofoiticies 
in accordance with the above-described mt^tod aspea» 200 mg of polytwr and 60 mg drag are 
20 dissolved in 10 mi of <»^ic soiveitu as distilled methylene chloride. The organic 
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drug/jpolymer so}uti<Hi is adited dn^wise over a period of one tnittute (with smiezdm at 55 
Watts of emfgy output from a probe-type sonicates) to 40 ml 2% w/v aqueous PVA solution 
(average molecular weight 30,000 to 70,000) that had been saturated with methylene chloride 
and filtered. The FVA solution was saturated with methyiote chkKide because methylene 
djioride, which is partially soluble in water, would cause the polymer to separate from the 
druf /polymer solution immedMy upon its additioft Into the aqueous |«iase because of diffusion 
of methylene dNImule into water. Awwding premature precipitation aids the creation of an 
emulsion having a rolativeiy uniform particle m» distribution. Filtcatkm of the PVA soludon 
prior to tise is hdpfiil since commertaally available PVA (Sigma, St. Louis, MO) contains a 
small fraction of high molecular weight PVA moiecutes {> 70,000) which are not soluble in 
water. Sonicaticm is omtinued ftwr a total of 10 mlnuu» at 55 Warn, tliis rosults in the 
form«ion of an oiHn-waler emulsi<m. After 18 hmirs of s^ng at rocrni t^perature over a 
magn^c stir plate to eviQX»ate the solvott, nwqfmticles are recovered by centrifugaticm at 
145,000 g. The lecovettd mnopsttlcles aie washed three times with dtsttlled water, 
restti^xnided again by scmkatkm in 10 ml dialled ixniter over an tee ba^, and lyof^ilized at < 
ao^under 100 milhtcHr vacuum fcH* ^ h(Hir$. The lyq|ritiiized lumqparticles ai« dried in a 
dessicaiw ktr anc^ier 48 hours and stmsd at 4* C in a ttesioitor until use. 

PLGA-lipid najiopartfcles w«re mwte by dissoivwg !30 mg PLGA in 10 ml methylene 
chloride. A lipid soluticm (4 ml; available in chkmjfmin a etmcmlratiim of 10 mg lipid 
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per/ml from Sigma, St. IxHits, MO) was added to ^ PIUQA solotkm to fom an organic phause. 
In this embodiment^ lim lipy Is L>aN^iok»ytfriKK^pinttdyletiianolamme. A tiydrophd>ic drug, 
which In tills caampk is (60 m0t » dissfAvtid m tite mganic fksm, Tim cvgwic phase wm 
etntti»£ied by SDntcitti(m into 40 mi 2,5% w/v axiueiCN^ PVA to foim an ol^ifi*water emutston. 
The ofganic st^vent was ev;^K8;^ed by i^iin^ ^ enmistcm in an container fat 16 hours. 
Nanqfiartides were recovered 1:^ ntttao^^^^sticm bi i4Q,dOD g, washed three times with 
wMn-, and lytq^tliized. The PL0A>iij^ ianofNotMes were tteomrtA to i^cmt ^% yields with 
U86 loading of 26% . The mean paiticie diaroe^ was 100 ± 39 nm. 

In Ms msai^ltf ^ seotmd Uoa^ve whidi is a U}^, fom^<»i$ bmh as a 
partitioning agent and a mr^et nKxii^ng agent. 

Example 3.' 

The hydrophobic drug, d^t^nethasone is formulated mm PLGA nanoprticles by the 
fc^iowmg iUttstisdIve pmoeAum. 

600 mg PUjA is ^EMved In 24 nU me^hyUMe chloride, I>sixamethasone (200 mg) is 
dissolved s«|ianttely in a; comhln^son of 4 mi uss&om and 2 m\ eftanol. Ute dexamethasone 
so^iilicn Is added u> the p^ymer sdutim lo form an organic phase. Hie organic phase is 
emuljdfied titto ml 2% PVA sdli^fMi to form an mtHn-wi^ «Ri«isio«. t>ganic solvents 
are tvapcft^beii » room temperauires with j^irring over a stir pli^ tor 18 hmu* Nanoparticles, 
thus formed, are rmsfvvnA by u)ttioeiitiil«^s8t8m, washed thnse times imth water, xesuspended 



and lyo^lixed. This procedure forms nanopaiticles in 60% yield, with a dnig ioadini of 
15.5% w/w, and wtemsa jsaiticle w» of ^lisom 160 nm. 
Examgte HQ; 

PLGA f»iiq»fticles con&tining ci]m»»»H», a hydmphobic jsiroitagtaiuiin aitagonist 
S (Upjohn, Kaiamazoo, MI), were made In accordance with the techniques of Exampie i relating 

to h3nino{^tobk leasts, but o»ng a co'SOivent sy&m mmpmin^ a ppkr and semipclar oigaittc 
solyoit. 

In a typtcai proeedufe« 300 m$ PU3A is dtssoived in a mixture of 7 inl imithyleite 
chloride and 3 ml acetone. Cipm^e (70 mg) is dissolved separately in 3 ml dime^yl 

10 acetamido and mixed wnllh the polymer ^li^tm lo form an organic phase, the organic phase 
is emulsiii«i in 30 mi of 2% FVA solution, ^justed to pH 4>S with monobasic sodium 
p^KN^hale. using a pn^ scmicator set at 65 Watts of energy oi^ut for 10 minutes to form an 
otl>in*Mnt$sr emulsion. The emulsion is stirred §0^ iS hours. Hanoparttdes are recovered by 
ultraceittnfijgaston, mekei tiwee Utnes with water, resuspen^ and lyophtiized. IThe pH was 

15 adjt»^ to ikvot partitiomng of drug imo organic jiimc to improve oitrapment 
el^5e»ncy. 

Tha ctfKosiste-ioaded i»A<^»articles i»d a smil mem parade »ze. At 21.5% w/w drug 
loading, die mean particle diameter was 97 A ± 3S nm. Another ba^ of nanc9>aiticles, having 
IS.5% drug loading, had a irH»n particle diameter of 82.8 ± 54 nm. When subjected to in vim 



ftkase studies (phc»sphate bufler at pH 7.4« 37^ C), 100% of tite iitoorporated drugs were 
itteased by 65 days and 40 days, rK^x^ctively. 

Using smdanl in vim pMeraggregometiy techniques, a dose-response curve wa$ first 
deveiqwd with £ree opfc^eoe to ibSEerBuned its tiU^tosy p^ency a^nst standanH ADP> 

S induced pktetet a^regatton. Hie ICj^ fof ^ drug in this experiment was mughly 0.28 ^g/mi. 
Concentrations of PUSA nam^fiartte tiuiging fixm 0.3 to 30 ;tg/ml (actual ciprostene 
ciMioeotiation of 0.06 to 6 ngittA due to 20% dmg loading) wens added to pJatelet rich plasma 
»Mn|^ heated to 37^ C> The fdaid^ inlitlMto^ elfects unare inooiii»«d after i inliiote. The 
ICjo for the polyimr-incoiporafied cl{»<»tene was 0.59 ^g/nU, Ntmslrog containing PL6A 

1 0 nanqiNBtidtes, as ctmtit^s, had no obvious effete on a^^gn^Uim iHoftle of pig platelets to 
the agonist AD>P. A comjmistm of die ICsqS of d» free ctpimtene and the nanoparticie- 
incorporated ciprostme suggests that rowghiy ti«e pd!yfner>k»ded drug becomes available 
to the platelets in the in vitro system^ 

IL M«hgd fer Inggfpwating HytfroplitHg mm^n Asm 

An illitssratlye ««n^e of incorporating a hydrofihill^ bicectiw 9&mtt Ibutilide, into 
PLOA nanoparticles is given b^ow. 

In a ^pseai oounpie, a add soii^^ Is ftMriened by ^sa^vin^ 93 of paimitic acid 
sodium salt in a co-solvent system eon^i^g of 2.2S ml dimethyl aoetamkie and 3 ml methylene 
20 cMoHdt, The fm^ add solution Is warmed over a water bi^ (tempmture <40^ C) until a 
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ctear soiution is formed. PLGA (275 ing) and ibutilide (25 mg; molar ratio of fatty acid to 
ibuttiide t$ 5:1) aft Btkhd to the l^ add soliitkm imd are s&rted ontl} sotution forms a 
dear gel, Wtitle stUj warm, die clear gcl-Uke soltttiQR is added to 20 mi 2% PVA soJution 
pf^Kircd in boiate fntffer satitmied wXk nK%tene chimkte (50 mU, pH 9.0* pwpmA by 

5 adjusting the pH of boric add with 5 N HQ). The combination is sonicated at 65 Watts of 
metgy for 10 mi»yie$ for form an d}»ift>water emulstoit. The cmulaqo Is stiti»d over a 
mi^nefic sfer plate for IZ hami. Kanopaitldes are wcovcred by ultraccntrifagation at 145,000 
g. washed &iee times with water, lesti^ieRded In wator and lyophiSzed for 4S hours. In this 
particular etnbodimait, the nan(putici« warn produced in 60% yidd with an average imrticle 

1 0 diame^ of 144 nm and 7.4% w/w dr^ hm^k^ (S»!^Ie 22 m Table 3). 

A paititlonifig agent, which in this case is an anionic fatty acid ^mttic acid) forms a 
eoni{^ mth the cationic dnig, it^lide, due to imiic tRteradUcm. Hie com|dex Uius formed 
is h)^i0phobic and, therefore, partiticms into the organic phase. Since the complex is aiso ionic, 
it will sqpons^ aga^, 4mxig btoero«raf}« into ^g and My wad to reteuse drug horn the 

1 § n»KKparticies, 

The tifmmpe^ to nonpt^ st^ventt In the co-sd«att sadism dqpends upon the 
sdi&ili^ of d» drug and the polymer. The {»o{}0!tia^ mitst be ailiui^ so that the co-soivent 
system disserves drug and potytn«r. A pmon m^^my tM& Hi fi» art would be sd3>ie to 
sdei^ the right combination of sot^^ts on the basis of their polarity for any given drug/polymer 

20 cfMRbina^tm. 
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SL Method fof ItKairoonttiii^ Protdn/Pepttde Hvdiophtttc Bkiactive Apenty 

A multi^ wm-iiK»l»iii-wita' i^ulsicm fechnique used u» tnootpon^ an exemplary 
p&uan, bGvmn serum a^janun (ESA)« into naiK>|»tticles. 

Ui a typical prepasatton 8SA (SO n0 is dissdl^ in ^ Di^iSir. A polymer solution 
i$ prqjMoeti c(»u;^»ing of PLQA (ISO 9^ 4iss(xl^ in 5 ml me^yiene chloride. The 8SA 
soluti<m Is emulsified inio the poiyism seHw&m vnft Watts of «aaiy output fitom a pro^ 
sofiieaUK' to (mn a idmafy water-m-^ii emulsion. The piimaiy <»nul^on is further emuisified 
into a PVA soit^on (2.5% w/w, 40 mt, 30,000 to 70,000 M, Wt) by sonieatioR at 65 Watts 
for 10 minutes to form a multiple water-in-oiMn-water emulsion. The multiple emulsion is 
sdired ovM' a $&t i^te for 18 hours to re»ntn« <»^lc si^vent Nanopwrticles are Fecovesed by 
ultracentxifttgation, ^<mhed tiitee times with water, resui^ded, and lyophiltzed. lie yield of 
BSA-coataifung narHspaxttcies vmiR by tiiis tedintque was 57%. The average i^uticie diameter 
was 160 nm with 18% w/w drog ioadti^. 
IL }Mi94 for ^fajgng VHrasmall N WiBtict« 

ExiiBPte^; 

fo «u3^uer |»eferred sqpedlfk Ulu^tive embodinH»tt, ultrasmali nanoftaitic^ formed 
in acctmtooe with the principles of the invention by a technique using a co-solvent system 
which has been ttevdqied m further reduce the tn«»factal eiu»%y so that uitiasmall emulsion 
droplets are formed. Ultrasmaii nwoparticles are defined heiein as having a mean diameter of 
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b^ween about 10 nm tt» 50 »m, and more imferaMy 20 nm to 35 nra. In addidcm to the co- 
solvent system, moeasing the msmt of enei^gy ^Ited with tiMt scKiicator |»n>be froin 35 to 65 
Watts contributes to tte smaller mt of the patttcks. Also, die use of cemin emulsifying 
agents, {>8nicul3rly DMAB, coaitnbate to the product of uittasmall namsiiaiticies. Other 

5 catk»» ddergenu* nou*ly cc^I trirot^yl aminonium bromide (CTAB), hexyldccyl trimethyl 

ammonium chkside (CTAQ, have been fom4 to px&iQec simhx lesults. 

In a typical examine, fSxt co>so}veat system Is a con^if»tion of a nonpolar organic 
soivent, such as m«^ytene chiotide, chic»ofonn» or «(hyl mtmet, and a smi-pahr ot^anic 
st^vent, sidt as acettme, dtmc^yl j»ilfoxlde (DMSO), or iSme^yl ace^am^. 

1 0 }H>lyiactic polyglycolic acid cqpolymer (100 mg) and btoacttve agent are dissolved in 5 

ml of m organic co-$o!v«tt system of didtlonomethane and dimt^yiacmml^ (2:3 by volume) 
to com{»ise an organic phase. The oiganic i^ia^ is emulsified in an aqueous phase (20 m!) 
containing 2.0% w/v PVA (9,000-10,000 molecular weight. 80% hydrolyzed) by sonication 
using a probe sonica^r wiUt an energy twtput of 65 Watts for 10 minutes in an ice bath. The 

IS emulstsm Is stirred ft« 18 hours ^ room tempenuure. Hicsit the emulsion is dialyzed for IS 
hours using diidysis tubing of molecular woght ott-off i2,(XX> to 14.Q(X). The pajtlcles are then 
iyc^lized far 48 hours and desk^ted. 

^iie Eiuunpie 6 is directod to making ultiasmal! nanopaittcles incorporating a 
hydn^lHu^tc a|^t, the tei^qae is ai^kabie to hydiP^lk agents. A multiple emulsion 
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ttchmqiue (M^ter*inHCiU%-water)« similar to Example 5« may be mssi wh^tn the hydrophiiic 
bioactive iskgmi h dissolved in &e aqueous phase. 

T^lt 1 below i$ partial listing of surface modifyifig i^ents, their intetided results, and 
5 suggest methi^s of inci^Fpoiating ftie sarfaos modifyifig agent to tiie naiKii^yrticles^ This iist 

is intended to be iilustratsve, and in no way should be omstmed as Itmiiing the types of surface 
modifying agents contemplated in Uie practice of the tnventloti. A person of ordiitaiy skill in 
the art would be iMt to select appropriate mcHiifytng agents for a given pur|x»se. 
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TABLE 1 



NANOFARnCLE SURFACE MODIFICAHONS 

Surface Reason fOKMoi»nc^^ ME1BOBSorI^^cx}ItPOlU11DN 
Modificahons 


fiepurin 


To ifitrodticc an anti- 
coagulation factor 


Cros$*Iinked to nanopafticle 
with epoKide 


phasphatidytethanolaifiioe 


Positively charged lipid 
to Improve axteiial ai^ake 


Jn^orpomted into nanoparticle 
with oj^anic phase 




Bioadhesivc Polviiicr 


IncofDora^^ into nanotiarticic ^ 
with organic pbak 


Epoxide 


For g^tar crosslinking 
jneactivity 


covalentty coupled to 
PLGA nanoparticie 


Fibronectiii 


A piotcin, natural odl ^hcsive 
with coilageft-specific binding 


Adsorbod onto 
nanoparticle surface 


Ferritifi 


Recef^r i^pe^iilc p^mtein 


Adsorbed onto 
nanoparticle surface 


ypofeclin 


Positiveiy cbarged lipid, 
^igh affinity for cell membranes 


Adsorbed onto 
nanoparticie surface 


Didodecyimethyiam* 
monium Bromtde (DMAB) 


Cationic detergent 


Adsorbed onto 
nanoparticie stirfssM^e 




Cattonic l^lysaccbafide 


Adsorbed onto 
nanoparticle siirfeee 


Fibrtnogeu 


CtoUsng Factor 


Adsofbed onto 
liyinoparttcle sttrfs^ 


Foiydofial Antibody 


Genemi targeting 


Adsofbed or covalently eoupii^J 


Monoclonal Antibody 


Highiy specific targeting 


Adsofbed or covalently coupled 


Bmum Sulfates 


Ql&teoccNnductive 


Adsorbed onto 
nanoparticie surface 



As Is evident ftom Table t, the inventton imtan ocmtemphtesi multiple methods of 
modifyifig tte warfyst, 

Adsot|>tiQfn of Sarfaee Modifvinf A^t 

In Got ux3mqv»^ the »ir&ce <^ pre-formed iumQ|)ail^es Is modified by j^viding a coating 
of a siirto modifying a^^t is physically adh(»«d <»- ads<»t>ed. 

in a ^i»cal n^bod ftn {mwiding «n ail$(»tKxi ctKitiitg, the sarfaat sftodjjying agent is 
dtiM^ved in a soivent to iimn a soludon and the im^frnmed narvqpaiticles are «i:q^ded in the 
solution. Hw iMJ^^oftts tiusn fiecsHS-^i^ to form 

not (^emicaily bmded. hkm paitic»ilar!y, imneparticies are »Hq)ended In water (usually at a 
ecmcoitzati^ of 10 mg/ml) by scRUcation. Then, a nuastred aunount of »trface modifying agent, 
either in scHuticwi or In dry form is »Jded to the «i^iai»on. tf Uw sur£ace modifying agent is 
{provided in sdutitm, the sdymt should mA dissolve die nasxifartides. Suitable solvenu include 
polar sol^ts, such as wsUEer, aquecHis buffer, saline, ethanoKvvater, glycaol-water, or 
combinatkms mtemtt In a typsai case, thxt mea^iied amtxint is 5% w/w of sur&ce modifying 
ag(mt per mass <^ t^aqparUdes. However^ It is cfmttmiplaled ti»t amo^ts of sur^ frmdifying 
agent tsmy fttm 0.5% to 15%. Tlie surte nmdifying a^t-ocmtaiftuig suspension of 
naoopartietes is ly<^i!ixed in a lyG^ilzer »t 0^ C to •55'' C in a vacuum of 500 mlUttorr or less 
for at least 24*48 hm%. 

U should be tioted that the ocmcenliatton ran^ fix the bound surto modiiler is given for 
pmpom of Qlu^xuscm (»^y» and can be varkd by those of tM& in the m because it is greatly in 
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excess of the thenapeuticaJly effective amount Tl» ad>tUty to ifreverstbly bind a high ctmcentration 
of surface {nodifier to the biomaterial, ttieieby tai^ng Oie bioactive ageitt to the site of use and/or 
ctmfesTing advin&igeo»s iitopertus ta tibe b»MiiatariaI. Is a sigmUcant advantage of this invention 
over the piior an. 

In a typicai procedure, the smfyi» modifying agent DMAB is dissolved in 10 ml water by 
gentle vortexing. Nanopaftictes (95 mg, }<»ded PIjGA nanopartlcles made in accordance with 
Example ^ ai« suspended in the ^ueous DMAS solution by sooicatkm fat seccmds over an 
ice bath. The surfiu^^modiM nanoparticie mpente is ttien lyophiiized as t»ttal. 
^0 fi^ InCCTPoration of the Surface Modifying Aeent Into the Polvmcr Matrix 

if ^ suri^ modifying ag«it is water insduble, it psefiuably is tnospotausd into the 
orgamc pime of the emulsicm while formulating the naii^xulideSv 

A method of m<sciv«Rt emulstficatkm-e^napcnmtioR is used to incorpon^ hydrti^cAtic 
1$ bioactive agents Inio nant^tar^cks^ In the specific lUumtiye embodiments i»fdn« U86 m the 
admiocoftocoid, daumit^uksone, ai» model hydroi^ic bi<»dtive agoits. PLGA and drug are 
disserved in 5 m! nM^h^tene diloride. TUk PLGA-dryg mixiuie Is tonulsfied in 40 ml 2.5% w/v 
«]ueous PVA (M. Wt. 30,CX)0-?0«000) with sosiicatkm uang a micn^p pxbc scmicatot (Heat 
Systems, Modd XL 2020, Mistmix Inc., Farmtngttele, NY) at an energy output of 65 Walts, over 
20 miet baj^ for 10 minutes. Ttte emulsicm is stirred f&r 16 hmrs at room u»npei:^ure to permit the 
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methylene chtonde to eva|)omte. 11)ena»<^)a7U€ies sre i«c(}vei^ by uitracoitrifugation at 141,000 
Tht xcocmwi tmoptaMts m washed ^lee times with wsiter and iyophtltzed lor 48 hours. 
The nanqpaiticies are stored iii desiccated fonn. tlie US6H;«atainin$ nanq>articies were obtained 
in 80% yields otrntaised I5 J% w/w drug, and had an amage |»rticie diameter of 1 10 nm. The 

S dexamethasone-containing nanqparticles were c^tained in S0% yield, contaimed 16.05% w/w drug, 
and had an a^iwia^e panicle dmimster tMf tm. 

Additional formulations of U86-i;^ta>ntng nanc^jajiicies, and surface modtfted nano)^icies, 
nikle in aGCtxrdance mik Bxample 8. ajne given tn Ta^e 2 bdow. Tabie 2 also giws data relating 
10 yield, percent drug-loading, and size in nm. All of the surface modifying agents shown on 

10 T^le 2 west incovporated a$ pan of mm polymer muix of ^ PICA nanoparticles, ^ were 
a^ed into the polymer so3ul3on during formulation in accordance with the jnxicediuts of this 
examine. Tbt mtUu» laoAifim are jpalmttic acid (PA), boe^vax (Wax), boUi hydrophobic 
materials, isobutyt cyanocrylate (!BCNA), a bio^hesive, and dioleoylphosphatidylethanolamine 
(DOPi^, a |^f#olipid to enhance ti^itake of the nanqiarticles. The numboi which appear in 

1 S conjunction vnth the idendfkation of dre surface modifying agents att ttee weight, in mg, of surface 
modifying a^t used in the i^inmaSatkni, e.g., sample II contained mg of IBCNA. 
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Hydit^^c-<irttg loaded nsAc^mrtictes were prqKued in accontance with the method of 
Bxafl^e 4> Table 3 ^mss several tatiil^scms for the }|»u^lde<!ORtaiiimf; PtOA luuiqparticles, 
as wdl as yidkt. pexcm drug-loading, and size m nm. The additive set f<»rth in Table 3, palmitic 
add« itmctifltts as a paxtl^mg i^gott «s dtscribed In BxamfHe 4. 



TABLE 3 




* Mtic acid : UMk mk uk i:i 
** Paliitic acW : Mik mk ratio 5: 1 
300* is Mh of iniwt viscosity 103 
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fijtampjg 9', 

In a typkai 'gmcedmt to mco^nmt hq»iui m PLGA nam^xattkrks^ 3^ tag hespmn is 
^meivtd m^itl water and the sc^uiicM) is oocriksd ia 4** C. PlunMiu: F-I27 (10 mg) is added to 
the hiepmn sfMaa as a vtscxKity <»rf»»diig a^oit to ftvor eRtra|Hia»it of heiiann in the 
nanqMiticle matrix (xne. The mixture is emtilstfied with sonkattcm (55 Watts energy ou^ut (or 
10 mtttuttss ovtsr an ice Im^) with a si^ii^ of PUjA (1^ ni^) in m^yiene <^iicdde (5 ml) to 
ftsm a waK»-*ln»d} emals^. Tiie watoMb-d! Is fat&m emyli^fled into W ml 2.5% 

aquecms PVA by aontfiattim for tO miitt^ at 55 Watts« The result ts a wate^tl}•«M^Hn• 

mltet moldple ematskm. Tte multiple «miilslm Is i^uxed om a ns^m^c stir piait fyt t8 houis 
to evs^pCKrate the mpmc SBlt>f&as. NaRopaitidas may be reccmaned by ultracentrifygatifm or use 
of an AmtccMi* (Anuom Im.^ Bevi^y, MA) £[}trit»»t :^tBm. Tim recovered nanqparticles are 
washed liee of im-eatfs^pped hqpiann and iyq^Uzed. l^e yield for dw instant method is 45 % with 
an aveiage.particle »ze of 90 nm and 4.8% w/w drug load. Evaliiaticm of the hepariiwxMitaimng 
Baraqparticks by standant AFIT testog fm ^ittooaguhttloo acdvit^ dem^strated that the hepano- 
contatning msaapaMBS imd a ooagalaticm time of secxmds as ctmipated to 13.7 mxmd for 
oontrol nams^pttrtk^ wfudi were PLGA c^acfoitic^ mthimt hq»rin. 

Hanopaitic^ containing tetamis mxM were ^fi^aied in m identical procedure to Example 
5 except that the i^us muM (IT) solution (500 fi) eontamed U mg TT and 1 itig surfactant. 
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PluKmic F>127. The yield of TT'CORtaimag nanopsrdctes was 60% with an average {xarticie size 
c^24I iim and dnig ioadtng of 4% w/w (sasipte 2S on Tia&ie 4). 

Additt(»>al formuiations of BSA and/or TT'^ontaimtig fiano{»irtide$, with a Pluronic F-127 
additlye are set forth in 79SM 4, In this ca$e, PIorhiIc F*I27 performs a dual itaion. it acts as 
$ a viscosity mhancing apmt to l&vor partlti<»iin£ and contributes to the fommkm a stable 
mnul»o0. in 0te case of vaodn(», mdti as in tiie TT-OHiiattttng nanopaxtiicles, Hiinmic F-127 aiso 
acts as an adjuvant to enhance immui^ fe^Kxtse. 



I 



I 
> 



3 



12 



m 
o 



£: ^ - ^ 



^ ^ ^ 

^ g4 ^ o 

aft ^ ***** ^ 

*^ — <s 



S £ £ £ 
O O <P o 

**>*i 

^ »J& 

*0 v% 
<N H H ci 



^ 15 *S 

-MMt *1H( *)Ht 

«s e fit «: 

s g s s 

IMM M W M 

>9*ff 4*^' ■fAi'. 

Ckt 



» * » 

*n jS S 



«m v% >o 
cs n <s <M 



f:^ M 
?n fn 

"^Hl' '^Hj; "^Hl 
^*** '***^ 
r**:: ^ 

«N r4 <Ni 



1 



^1 



o o 



1^ ^ ^ 
O 

v> <s <s 



^ Cklj CkQ 

£ S S 



o u u 

^«a« ««M 

«S £5 

2 e 2 

W )k>ft 

55 25 j2} 

fittk JS*! J5t< 




» ♦ ♦ 

80 o 

Ij*^ wwf wm^- 




^ 



> > 

S H 

1^ o o 

^ ^ 



« « 



-49- 

ETOcnmcniai Results; 

in vitm Release sftidies were eoodii^ on the nanopardcles made in accordance with 
Examples 8, 4, and 5 mang a il^le dl^e»^ dutm^ vte»D two (^psitmotts of the 

5 difli^ilan chamber ai« sepantted hy a MUlipore (100 nm poie size; MiUipore Corp.. Bedford, MA) 
membrane. The donor side of the ci»!id>«r was filled with a nam^»xipie su^en^ (S mg 
nanopar^eles per mJ physioiogical phosphate buffer (pH 7.4. 0. 154 mM). The resceiver side was 
liUed with the same buffer. The di«iBsion Gdis www pbced oo a shakw- (UO rpm) in a 37* C 
room. Periodically, a sample of btiflter was imthdmwn from the receiver side and replaced with 

10 an equal i|uantity of lie^ iMtffer. The drug )»rds in the leca^ buffer woe quantity by HPLC 
or lahea- aioIyUc^ medMads. Hie data was used to calculate the percent drug released from the 
nanqpartlctes &v& time. 

Thc. i» vitm release studies of nanoparticlcs containing U86 showed an initial hurst effect, 
ibilowed by letease at an etponentially dbcreaang rate. Simitar release rates were observed for 

IS hydrophilkimd/(»r{»ra«(e^i-0(mta!mng nanqiaitictes. Qammastarilizadcm 011.5 Mrad) did not affect 
die in ntw release dtatactetia^ ai US^ fptm itm nanopiytk^ as idiowa to Fjg. 1 viAm^ is a 
grai^cal re|>resentati€m of die in release of a hydmphobic bioactive agent, 1186, from 
fttncqfttitlcles made in aoeordanoe vnth d)e fmas mvetii&an have teen st^jected to 
j^liasng gamma radiation. 
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Size distnbotion imy be measured by a laser dtfmctome^^ sudi as ^tm Nioomp 370 
Vymmc laser light Scattering AuttxxHireialtH' (Kicomp f^fticte Sim$ Systems, Santa Barbara, 
CA) or simiiar equipinait. A su^i«i»oa of naiM^nrticles (! mg/mt) In water of normal saiine is 
pttpmii by somcasim }mt fomr to asiatysis. I*^m;^ps»(ticle$ pmpmi m acconia»K» with the 
in\t»ti<Mi wese typae0y tess titen WO itro, and gofierally in Uie range of ^160 nm, Tht paiticie 
sh» distribution analysis of ^ ii»ic^p«rtides iew»todl a imifcom and mmm mtt (H»^bution. 

Seanmng de^on microgr^hs were t^ken of r«n(^»iticle$ which Imd been nraunttid and 
i^pttttmd with g<^. Ti» remits demmstnitoi tintt ^ j»itidtes are of itnifo^ dimen»(ms a with 
smooth mifsees and the absence of any free dnig gnuwles. 

^ vim Arterial Uptake Studies in a Doe Mottel 

Nanojpaitict«s node hi acanrdance witfi die piBK$|^es of the invendon were evaluauxl, ex 
yivo for arteriai ujHake as a re«ilt of surface modiScadcm, A 4o$ canEttid aite^ was remo^, 
flushed with normal saline to lemove blood, and hdd taut <2.7 cm length) by tying the ends to two 
glass capilaiy tubes sefiantted by a tfistaiK^ of 2.1 on on a glass rod. The bc^>m end of the 
ar^iial segmoit was ten^xMarily ligated so duft a nanc^iardcle sw^pesu^ (2.S to 10 mg/ml) 
iimodttoed hito 1^ to|» end under 0.5 jp^ jne^ure w» re^sined m tiK» aitery segment. A^r 30 
seconds, die bcntcim end ti» arteiy was opened imA a iaK:iaaed-Ru^»9 solutt<m was passed 
through tite ailoy sqpmerit tat die IG9» i»d ^f^^ A 2cm 

segment of the artery was cut &om d» devfce« homogetnzed, extraded, and quandtated for drug 
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levels by HFLC. Knowinf the exorac^on efUciency md drug !aa<Img of the particles, the amount 
of namiiwrticles tetaim^ by anery segment was caloilatedl. 

In a speclftc example, FLOA nanoparticles loaded with 1186 were manui^tumi in 
{Kicordanoe wi^ tiie nuSiod of Exan^S. Hw unmo(0fied«ii^K)^nic»t <saniple IS, Ts^ble 2), was 
5 used as a omtrol for compaiadve puiposes^ i.tf>, to niustiate the greater degree of retention 
adiie^ Wiethe various wrfiwe-nKKUfied Surfoce'^imidll^ i»aK^(»ftldbs» as i<^t^^ 

f»t T^ie 5, were prepared in accordance with the techniques set forUi herein (sampk 17 on Table 
2). 

Coatings of cither 5 % DMAB (isamples 4£M3) or 5% DEAE-Dextran (samples 44-46) were 
10 paused on the saonple ^inopanfclK by the fpeeze^drying technique dembed heedlfti^e. tine 
results of artxsnat retention of the surl^^modtfted nanopaiticies in the ex vivo dog model are 
0mfn m Tmt 15. f^m^KOticles moifiSwd widi S% w/v didodeQrldinu^yl ammcmiam bromide 
(DMAB"5%) were the most effective, resulting in 11.4 times more retention of nano{»fticles as 
compaj»d to Iht tmmodii^ nancfiartk^ (FLOA)« 
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lUtiolo 
Stiwiy^f IS 


% 


t$ 


PLC A ofdy 








1 


HM 


30 

31 
32 
33 


Epoxide 

Feititiis 


i20±40 
I20±40 
144 ±47 
144 ±47 


20.4 
20.4 
20.4 

20.4 


MM 
73.51 
52.73 
42.44 ; 


1.62 
2.46 
1.16 
1.42 


19.32 
29.40 
21.09 

16.98 


H ^ 
35 
36 
37 


0MAB> s.e» 


144^-47 
144 ±47 
I44±47 
I44±47 


20.4 
20.4 
20.4 
20,4 


139.6 
177,7 S ^ 

83.67 
340.8? 


4.67 
5.94 
2.7S 
11.40 


55.84 
35.54 
33.47 
68.17 


38 

39 


Upid N4(PljOA-Upid 

LACN#2(PLGA^yan, 2/8 


123 ±37 
i33±35 


2M 


68,07 
92,00 


2.28 
3.08 


27.23 
36.80 


40 
4i 
42 

43 


DMAB. 5,0$& 
DMAB. 5.0% 
DMAB, 5.0* 
DMAB, 5,0% 


!02±40 
ia2±40 
I02±40 
102±40 


26,7 
26.7 

26.7 


t28.i5 
89.17 
161.61 

197.12 1 




34.17 
23.78 
43.10 
52.57 


44 
4S 
46 


MS'I t.DEAB-DexinmS>0 f 1 
t,DEAE^I»iaUiwS.a 1% 
MB-ti«&EA£-D«&tyitt5.0 IS 


KG ±40 
m±40 
102±40 


26.7 
26.7 
26.7 


92.99 \ 
187.77 




24.80 
50.07 
2S.83 


» 


AU etiMm «re m$iwi. 
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In addition to DMAB and DEAEnElextmn^ 5ft 6btiiiog«»i was placed on PtGA nanoparticles 
by fn^sie-dfyifig technique. The PLGA naisqparticies had a mean particle diameter of 130 ± 
35 nm md a 14.6% dntg kaAing prior to the application of ftc fihrinogeit. The particles were 
suspended in normal saitne or a 1:1 mii:tuie of serum and saline and injecis^ into the ex vim dog 
S esiperiments, the mean ± SB upiake of nanopan^des in a 10 mg segment of aneiy was; 38*03 ± 
2.42 fig, 39.05 ± 3.33 i*g, and 52 JO ± 4M >4g, lespectively, for 5% DMAS, 5 % DEAE-dattom, 
and $% 6bnnogeii. 

To summariM the r^iilts, surface modification of nanoparticles with DMAB improves 
tetenticm to ttssiie. DEAB-<textnin modified nanqsarticles have m increased visco^ty in 

10 su^>en$ion, Ftbrinogen-modified nanoparticles facilitate thrombys formation, thereby aggregating 
the sphenes and ^^gniBcantly Improving aitenal uptake. A combination of DMAB and fibrinogen^ 
for <^ample» would cause initial adhesion, followed by thrombus formation, to secure the 
nanqiMUticles to tilie arterial irall fat long-term effect. 

In addition to surfao^ modifkation, the conciliation of nanoparticles in the infusion 

IS sui^sion alfested the le&sn^ of nanof^ctes in the ar«eri^ wall in ^ e^ mw canine model 
as ^wn in Table 6 for samples 3! and 34 of Table S susp^ed In normal sailne at the listed 
conomtnations. 
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EVALUATION OF V-M NANOPAKTICLE HFTAKE IN MX VJVO MO0EL 

EFFECT OF PARTICLE CONCENTRATION IN SUSPENSION 


€^nl^;ift^ NP Cone. 


jNP Uptake m Arteiy Measuresd 

WitijHPLC 
NP Cone, in Exi«ae^ (^nil) 


AiQOom of NP Uptake* 
ijt$^ cm may) 


Sample 3! • Beparia 


5 




56.29 


10 


133.21 


95.15 


Sami»ie 34 * Upottetioa 


2,5 
2.5 
5 


195,44 
179.39 
248.80 


139.60 
128.13 
177.71 



Cil(^ul«t«<l from th€ com»num^m m «nery «ximt md tkt &vUikUi^it4 70% (mti^mi ii;iaHkfdix»ti«»ii) of 
itiiioptt^ie fciKmrjr frm vrt^ry by lb« esoriiptkm prcscdbkie. 



Ti^Ie 6 sliows tliat an incn^ise in nam^utick aonceiitmticm in the syspension enhances the 
i^tpttte of iismopaiiictes; by Ctee arttdal wall. 

ViuriiHis sii^iendm^ media were investigated in the e;r vim amine model for their effect on 
fianoparticle letention. Nanopanieles (Sample 19 on Table 2) were suriace modilied with 0MAB 
and I>EA£^Dactran> Samples of the surface-modified 

m% yiv aqueous DMSO, or 25% v/v aqueous glycerin* OMSO was used to enhance permeability 
of ti^ arterial wail and glycerin was used to induce tiansiem hypertonic shock at the site of 
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admmist»tk»i to enhiutce d^g ddtvery tiie biolc^lc nM»nbnme$. Tbe nsuits aue shown in 
Fig« 2 whidt is a gn^i^ikai r^Me^mlaicm of the effect of sinfaoK modiUcatlon and su^peiuton 
media on the of U86*coniaifits% naiKt|)arSdes expressed a ftg itano|»rticie$ per !0 mg amry 
specimen. As shown in Fig. 2« an osnx^c shodc, such as induced by a hypertcmic solution 

5 (giycerin-water), or tite inctust<m of a tissue porme^ility enhancing agent (0MSO) in the 
au^ding m^tutn improve uptake of the naiK3faiticl(» by &e arterial walK 

The entra^ott tffkamcy for nanqpaitkles made in accordance with Uie m^ods at 8. 4, 
and 5 is about for hydn^^ic^ic drug$» about 45% for hydrt^ilic drugs, aad, 5?>67% for 

imMnns and vaccines. Typaai <hnug-loading ffx the >^oiis t^pes nanqpaitides are 4% to 28%. 

10 The effect of ^g4oading on re^titxi m& studied with OMAB-modified nanopaxticks and the 
results are on Table ?. I»ib»«sxi»gly, higher diing loading resitted in tower rdten&ioD. This 
phe»iom<mt»i very likely reflects a critical ciKuige in the hydrc^hilicity/hydrpphc^icity characteristics 
of the nanc^»r^dk» whidi alfeots titetr abSity to rtsMt in the aiterisd wall. It is hypothesized that 
higher loadings of the hydro|>hoh>ic divg US6 pvf& die particliK less affinity with the highly 

IS hydn^ilie arterial wait However, reducing ti» k»difli of 1186 $Sk3fm a more fswr^te^ or 
overall, hydro^nlic icactiw). 
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TABLE7 



WAABMO] 


ICtEllFFi! 
Effect of P 


iKE BY ARTEft Y IN BX VJVO MODEL. ifSIHG 1 
NAI<K>PARtlCI£$ TESTED AT 3rC 

fUtMt Ske Drug l4»4iG% 




Size 
(am) 


m 


Ai^Mmi of Ftrticie Ri^tum m 
Attery 




IfilciefiC^ (%) 


15 DMAB-5.0% 
15 DMAB-5-0% 


i44±47 
I44±47 


18.4 
18.4 


278.64 
340.87 


68.17 


17 DMAB-5.0% 
17 DMAB-5.0% 
17 

17 !>MAB>5.0% 


m±4Q 
102±40 
102±40 
102±40 


26,7 
26,7 
26,7 
26.7 


128.15 
89.17 
16L6} 
mJ2 


25.63 
17.83 
32.32 
39.43 



in vim Arterial Uptake Studies m a Rat Model 

Nanoparticies made in accordance with the pritidple of the inventioD were evaluated for in 
viw upbikt and letentton. The left aurotid artery of fat$t male Spiague-Dawley wdghuig 400-500 

IS g, mm exposed. A 2F Fogarty embolectomy MIoon catheler (BS!, Minitastpolts^ MN) was 

to remove Hm ofi^a^diaJ tayc^ of Ibe exposed meiy. A 1 mm indmn (also known as an 
anerioioiiiy) was made with an antonotomy ^issors in the rat's left or right common carotid artery, 
which was restrained by 3-0 silk ligatures to prevent bleeding. A Fogarty catiieter (sixed 2**0 
French) was inserted into the incision and advanced into tiiie arterial segmem to the distal ligature, 

20 Tte baliom tip of the c^thi^ was inflated with carbon dioxide and 0ie atth<^ was pulled back 
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and fcftth three times to create and aitertal injury by denuding the eitdotheilum. The catheter was 
iim maowd. At die sxm arterial Ind^km, a ca^H^ waus inserted into the artery for tofusini a 
nafiissNulicle suji|N»tstQi} (200 ftl) into the injured section of the carotid amry while the distal end 
of ^ «twy was m np am Uy ligated^ llie ci^lH^ was ix^Km^ alt^ ^ seconds and t^^ 
closed. Tim distal end of the carotid artery was opened to resume normal blood flow. After 2 
hiwKS, hmh left and rigitfiarotid arteries wemharv^^ The drug levdln the artery^ samites was 
quantiutted to evduate nano|>article retoition in vivo. In a second set of experiments, nano|@sticle$ 
were pxpmA so as to contain a fiucnresce^t dye, iUwdamme B. Itie harineaied tmx&A arteries 
were frozen and cross-sectioned to study the histology and location of the particles in the arterial 
walls. 

DMAB and DEAB-Itextran modified nanoparticles. Samples 40 and 43 on Table 5. were 
v$ed in Uus m vim rat moddi b> demwistrate tfatf n»tq»rtictes are ineit»r«»tialty t»km up at the 
locauicm of Jnfiision (left can^d artery) as compared to the right carotid artery. The results for 10 
«!« s^menls of left carotid artery (n»tt rats) as compared to right carotid artery are: 7.77 ± L46 
fig nanoparticles as compared to 2M ± 0.27 ii$ nanoporticles. Similar results were observed with 
dexamethasone-kttded mmopartides C2.7 ± 1 .3 |ig nanopartides per 10 mg segment of left carotid 
artesy as compaied to an undetectable amount in the right camtid artery (n «9 rats; detection limit 
<^ 0.1 Mg/m^. 

HistoiogicaJ examination of fluorescent^labeled nanqpartides which were loaded with 
dexftnie^lsuone (15% w/w; Bxaii^ie 3) also revealed i^gnllkaRt prestmce in the arterial wall. 



womtmm 



Dexame!hasone«PLOA nsnoparticles containing Rhodamlne B as a fiuorescent marker were 
»tif«nded in mnaai saSaxtt ^SO mg/ml) and mtaaci into tat cmM axtexy a^ tnple haHoon 
angio^ssty denudaticm as ilesoribed Noffibiabove. Muiti}:^ (four) io^ioos are made with each 
in&skmconsistuigc^TSMln^ipsrtkiesu^^ Aftorials(^ineti^w«reitams^atd^ 
5 time periods (24 boars, 3 days, 7 days, and 14 days) atid eiyosecti(»ied to c^serve the presence of 
nam^Muticles wi^ a fiwmssamec nscirascqpe. HtK»esceitt ws&vity was tAimwd m tiw ar^ until 
7 days post-ififus»>R. 

Lwig Tarm in Arterial ll|«akc.l^Md^ in Ai^t^ Mff^y 

(1) Pigs 

10 In addi^ to the m viw studies with la&K, the nanopatticles were te^ on pigs, weighing 

between about 30-40 lbs. In each «tbject pig, the elastic lamina of the coronary artery was 
n^red by over infia&Mi of a baOocm tip cathi^. A nairapaitK^ stispenaon Q.5 to 10 mg/ml 
in ntHrmal salkie) was iniused at the loc^on of the iiuaty by a Wollnksy (28 or 96 hole) or l>3 
l»Iloe« cattM^ (Sd-Med, Mumeapalis, MN) alt atmosi^eic pressure over 1 to S minutes. 

t S After 2-4 hxmn, the corcNfiaiy artearks were harvesttd and quantitated for drug levds to caiculabe 
nanoparticte lelfiMMMii. 

Tim msakis an in given in T^ie g for nanoparticles touted with U86, having the indicated 
sufitee modi^Reation. INtenqpartieies mtk DMAS sucfue imidificatiim were it^ned in higher 
aminmts than unmodiiled i^nopartlcles. Tim mcreased binding dem(»ts8ute$ the tissue ^ific 
20 tnenase In a0lmty for the surface modified nanopaitldei. 
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The amount of narajjtanides in M artery alter one licmr of citcaU^oa ms aoi 
detedabiy diff»«Rt ftom the mmnt m msties which w<»e harmied immediately. This result 
indicates th»t ito imnqpiartvdes ha^ pem^ted sito tite issue aixi/or cdls and (»n not he washed 
away i»sily. The nuorescerioe mictosct^ examination oonfirmed the retention. Ko sigm^cant 

S dil^ieRce was west b^^ween ttie mutts oi ^d&very with the two tjfpe$ of cadieters (Wdinsicy and 
Dispatch). Lower and rdattwly steady plasma U86 levels were c^served after the local delivery 
of nanopaiticks as compared lo an Iv injectttm <^ solution. 

tIS6 }c»ded-FlX3A nanc^»rticles (1556 w/w) with 5% DMAB mdam modification and a 
|}article between 100>t# tm wext saspem^ m nmmal saline at a c(»icenti3^on IS or 30 

10 mg/mi. The oanopa^cies (HP) w«re adntinii^esed to pigs which weie sacrificed at 30 mlnuK^ or 
alhtsr one hour. The results are j^iown on Tss^te 9. 



TAHI 9 



IN VIVO mmm OF m nanoparticles in mm mm 



Device 


Cone, of 


Ddiveiy 


TotsiVolm 




Iflr 


aid 




tm 


DelM 


UD 


Mjfocuniimn 


tiRie 


(ig/tni) 


(sec.) 


(mi) 








15 


20 


2J 


44.53 


15,13 


{30iniAute$} 


15 


15 


1.0 


40.51 


27.33 




15 


4x15 


8.0 


50.02 


52.12 


Mean i$d 








45.98 1 4.48 


28.24 i 14.17 1 


Diptch 


15 


240 


2.0 


51.16 


26.34 


(30 niintites) 


15 


240 




43i8 


19.70 


Dipich 


30 


140 


2,0 


46.80 


6.12 


(1 hour) 


30 


240 


2.0 


46.97 


9.51 



Deit\«ety of a high oonoesitratioR (30 mg/ml) of uanopaftides showed an average of about 
45 |tg uptake per 10 mg diy artery in in vivo ipi$ studies. The ka^ of the left anterior descending 
ctmmry arteiy (LAD) segment utiitzed for this nHsastrement is about L5 cm and weighs about 15 
mg (dry). Therefore, totighly I cm of treated LAD w||} be able to iqHake 45 n$ 

5 nanopaiticies by local delivery. There is about 7 ^g net Vm in I cin of treated artery, 

Sr addition to the fon^ng, controlled release of fNnn PLGA naBiOfwtic^ locally 
administered to pigs following balloon angioplasty-lndticed injured with a Sci-Med Dtspateh catheter 
resulted in sfgmftcanl inhibition of restenosis as compared K» saline and 9on*drug containing PLGA 
comrt^s. Bg. 3 is a plot of neolmtnsU area divided by medial area mttos (HUM) plotted against 

10 the total injury Index for the mery as laandaidized by Up|ohn WKwatories (AxsuMsHX, Vol. 
127, pages 20-31 , 1994). The Upjohn test quaitifies dw severity of vasctilar damage (injury index) 
md the txtmx of necttntimai (N!) hypeipiasia (proUf«»a^ index) induced by over-infia&cm of the 
balloon. Hie injury index is the intemal elastic lamina fracture length divided by the internal elastic 
lamina drcumferenoe x 100, The data shown on Fig, 3 ifetsoiidrate a statistkalty signlUcant 

1 $ redut^ion in wstamms with r^limal idl«Bse of t!86 iiom nanopai^les or the present inv«9tkm. 

Sinttkr long-term in ^vo ittudies were ocmducted lats. DMAB-modifved tf86- 
Gcmfauing PLOA nanqxartk^es {US6 u 144% lt»du)|;^ nraan panidie 130 ± 35; stu^sion 
concentnuioR 10 mg/ml of noitiml saline vmt tnt^sed into &m left au/cM as^ety of rats and 
20 «]|itX!qpK»tly harvqsed ai 2 hours, 1 tS^y^ m4 2 days po»-mjecti<m. The amcwnt of tmrraparticlcs 
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<iAg) in a 10 mg stgmmt of left mmy was 9.00 ± 0.28; 9J9 ± 0.28; and 7,95 ± QAt, 
n^j^N^vely. The right carotid artery of eadi ml was ti^ as the controL Tlie amount of 
nanqsarttcles (^tg) in a 10 mg segment of right carotid artery mm IM ± US; 2.T7 ± 0.24; and 
031 ± 0.60, r^pectivdy* 

S in studies employing PLC A nano|^r^ti^ ina^ipOTattng de^camethasone (15% w/w), lats 

were stibjected to triple angioplasty injury of the carotid artery^ The lati^ were divided into three 
«»perimentai groups: controls (nanoparticles with no bicmctive agent>» animals receiving 
intrapertttineal injectim of nanqpar^etoi containing dexamtiha$me» and animals to which 
<texamethason€4oaded nanii^mrticlM wttt inject into the site of injury. Alter two weeks, the 

10 injured arteties matt harve^ and an^yzed. Fig« 4 is a gr^ic iit^r^mtation of the inhibition 
of restenosis following the local administrafcic«i of desamethasone^ontaining nanoparticles 
(statistically significant; p>0.006). Hie da^ is expressed as the KI/M ratio as described 
hereinabove. 

Aente in vim Studies of Artefial Uptake in Do^s 

1 S in vim Experiments weie conducted with dc^s, using the DMAB, DEAE^cxtran, and 

flferinc^ai (5%) surfoce^modified PL6A nanopardcles made in accordance with the method of 
Bitampiei 8 and 7. 

Dogs under general anesthesia were subjected to a triple balloon angioplasty of both femoial 
artmes using a Bard angiopla^ catheter. Following denuding of the endothelium, the damaged 
20 lemoral segment was isolatad with ligatures and lilted with a small volume (200 pA) of a S mg/ml 



sospmskm of nanofmrdcks in mrmi saline at one atm pressare. The aiterial wal! was ixpsdttd 
to pnnifent bUpedtng, and after 60 umcmds, blood was peniu^ to flow itoo^gh die af«e»y . After 
30 mtfitit<», the ammal was euthanized and die txitih the dantaged artery and the oontniaterai artery 
were retiieved lor analysts by HFLC. Itieiesttits^OiowtbatfiiHinostenei^an^ 
S as mmpmd to control in bo0i fiie ex ivw and In vivo studies. Between 40 and 50% of the 
namipaiticies suspended sft the aitery for the one niimit^ 

the arterial wall. Virtually no nanc^Hurdeies were deuxled in die o^ Moreover, 
the flbfinogen eoaltid ninoparttcks had notriy one and a half ttnie nKnre D^taiEe than die PMAB- 
coated nanopaitides. 

.10 The results for t}S6-lo»ied PUjA nanopardctes which had been sur^use-aiodified with 

ilbrsno^ and DMAB (S %) in accm^Sim widi Bxample 7 »re ^^mm in Table 10. The 
PU3A nano|iartk:les had a mean particle dian^^ of 130 i: 35 nm and a 34.6% drug loading prior 
to the application of the named coadng. Tht right fiancnal anery of dog # 2 was analyzed as a 
csmmA to eviduate the i^stemic distribud(m of ^m^xoticies in vivo. The "CONTKOL* listed in 

1S Tjd>le 30 was »i as^oy from a non*tiea«ed ^d^^ 
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TABLE 10 





AnKKtmof KF 


Dry Weight of 


NP Oig) in 10 


Mean ± SB 1 






Afiiery (s^ 


mgaitmy 




Left Femoial #1 


125.57 


30.07 


41.76 


32.^ ± 3.22 


Le^FefiKHal #2 


9SM 


29J 


32.65 




Right Femoral 




40.47 


0.91 




02 (as ooRtto!) 










BMAB: 










Left Femoi«l #1 


87.54 


37,93 


23.08 




Left F^ontl 12 


43.19 


i8.74 


23,05 


25 .13 ± 1.19 1 


Left Femoral #3 


7037 


24.12 


29.26 




CONTROL 




32.37 


-0.06 


-0.06 j 



A similar in vivo dog acpmii«Sfit was comlucteci using diffemtt 4i^very tt^^tiniqyes. Tim 
data in Tabte 10 was afetaiii«d following a oi^e-mttiuie residence time m an Ugated artery segmetit. 
15 FLGA !tanq|»krttct(^ of aveiage pjun^le sixe 161 1; 42 nm and 15.5% loading of U86 were coated 
5% DMAB and suspended m normai saline and administered to dogs as a 15 second expo$ure» 
or as a aeries of foar IS mxmd aEpo^res sqpanyted by one mmute of blood iftow. Refening to 
•Pable 10, the DMAB-ooaied nanojKiiiicles were refined in a 10 mg segns^t of femoiml artery in 
an average amcHmt of 25.13 ±IJ9 mS^ A IS second enposiire lesulted in nearly &e same amoiim 
20 of jetention, spedficaliy 21*46 ± 0 J3 |ig. Mowevcf* a ^ries of four 15 s^nd exposures resulted 
in mote ^mt doubte amount of ne^ntion^ 49. ! 1 ± 2A2 fig. 

A similar expenment was conducted with rats using DMAB-modiBed PLOA nanopanicles 
iMded mth U86 (15*5%; psa^tlt i^ze 161 ± 43 nm) in fiomi^ saJme at a cono»itrafion of 10 
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mg/ml. Hie !>MAJ3«coaled nai»^»itic}es admnui^rasd m a single, €0 second exposore were 
nstained in a 10 mg segtmrnt of Utft amid aitery in m avK»age amount of 9.00 ± 0,2S t^. 
Howevor, a series of fom IS womi cxposem resulted m nM»e ^im double ^ amount of 
j«tentk>R* 20 J7 i: 1.37 /Kg. Controb fcr tins escpearlimstt am^xised 10 mg sqgnusnts of untnated 

5 right C8imid meey vAack ocmtaKned m\y iM ± I.SS ami 2.0$ ± 0.40 |tg» respectively. 

Tl» h^;her the sittfNHmtm c(monitrati<m» ha^^tm tilie anmal wail emttent of US6 in the 
aoite in vivo dog sva^ss n^orted iMsanmi. l^lannqiNff^^^t whidi wens U86»Ioaded PLQA 
nanqpaiticles of patrt^ aze 120 with 15% drv^ k»dtiig imd S% 0MAB surface modifiqMicm 
(prep^ed as In Bcami^ S aM vmt admimsUstd to dc^s In ocMioeRtxattoiis ranging fiom $ 

10 in^mt to 100 mg/ml over 15 sectmds. TsbU 1 1 isbows &e amoiiat of nanq»itici«s Otg) Ktained 
in a 10 mg $egn»nt of ar^y as a ftsf^^m of maa^u^c^ ocmcamatkm (mg/mt) in vmmi sUtne. 
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TABLE li 



NPcooc, 


Amount of NP 


Diy Weight of 


NP Otg) m iO 


Meai) ± SE 


(mg/ml) 


in ^mtait Otg) 


Artery (mg> 


mg aiti^ 




5 mg/mf 


162.96 


71.33 


22.85 






106.87 


30.31 


21.24 






U5.73 


39.52 


29.88 


24.5 ± 3.38 




102. n 


47.23 


21.62 






93.63 


45.65 


20.51 






138.58 


138.58 


19.73 






138.09 


36.84 


37.48 


38.95 ± 




195.43 


48.36 


40.41 


2.07 


IS mg/ml 


282.11 


46.7 


60,41 


59.48 ± 




288.87 


49.26 


58.85 


0.66 


20 mg/ml 


298.87 


38.39 


77.85 


\ 69.41 ± 


288.37 


34.67 


60.97 


5.97 


1 ^ mg/ml 


377.45 


44.55 


84.73 


83.73 ± 


435.48 


52.61 


82.77 


1.38 


1 50 mg/ml 


611.26 


62.3 


98.11 


96.05 ± 


405.07 


43.1 


93.98 


2.92 1 


1 100 mg/ ml 


649.74 


58.44 


111.18 


111.18 1 



In st£Q 0^ embO(£bncaats of ^ tov«mkm, the mfsuat modilying Is covatendy linked 
to tiie pW'Usmtd nancfiaftk^. In a pttfentsd ad^fageptis e^^bocfimoit <d ^ Invention, a 
metiukl has boen dev^€|)ed to inoc»|x»;^ leac^ve tpcm^ »^ chains into tiie {X^ymeric matenal 
1 S eompiti^g Urn omopsaMiei^ wirfcb reactive slcte ciu^ can coiratenUy M molecui^ of 



inierest fm various dmg delivery applio^Uons. This embodim^t is discussed in g!^ter delail 
tiereinbdlow in Exaniptes S and 8$* 

The polylacdc poIyglycoKc add <»^|»iyfiiers widely used m drug delivery reseaich for 
btodegiadabte fonfiuiations inbawifly lackteactive groups, and therefere, aiedifBcuU to derivatizev 
A method has been dcvciqped to inooiporate nsactive epoxide side chains, which can covaJcntly 
bind other molecules of inten^t for various drag delivery plications, in addition to PtG A> any 
polymer attaining free hydmxyt, amino, sulfhydryl* carboxyl, anhydride^ phenol, or the like* 
groins can be d^vatised by this method aspect of the inventicm* 

Fig. S is a schematic r^resen^don of a synthetic procedum for coupling an qxwtide 
compound n> an hydnmyi end-grcHtp of polymeric nwopaiticl^* In ttie :qiecific embodimoit shown 
in Fig. S» the nanqpardctes comprise PLGA (compound 20) and are made by an in-solvent 
i»nuI^fication-e^poratiion technique, for example, ^ch as that descnbed in Example l> Of course, 
the PUjA. nanqpaitictes may be formed by any technique prior to epoxide derivati^ation in 
accoids^oe with this aspect of die invention. 

Hie i^^fonfUBd PLGA nanqpanicles are suspencted in a tiquid^ illiistratively a buffer to 
which a catalyst has becm nM»d* In the embodiment shown on Fig> S « the suspending m^ia is a 
borale bulKer at pH 5*0 and the attalyst is zinc t^rafluoroborate hydmte, ZnCBF^);* Suitable 
catalysts include, but wm not limited to» tertiary amines, gu»nidine» imidaasole, boron triSuonde 
adduets, such as boion trifluonde^^monoethyiamine, bispho^honates, trace metals (e.g., Zn, Sn, 
Mg» AI), and ammonium complexes of the type PhNH^ + AsF^. In other embodiments, the 
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resctlon can be {^lo^tt^iteii by tJV light» for cxmph^ in 0» {msnice of an aiifHiopriate catalyst, 
whtdi may be titaniiun tdiachlon<te and femKsetw, »ic<»ioceiM: «?hl(»i<ie, carbon tetny>romtde$ or 
iodiofaitn. 

Afi qpoxide ccmipou&d liissolved in a mtsbht soivent^ mck as die bufler, is added to the 

5 {Kmo|)8:rtid«i soipmskm and permit to ttasA to form m epssa^^teMSfmpteA polynwr (compound 
22). Refenir^ U> Fig. 5» di^e ep^xy coinpc»H^ is apsdyfonc^KHiai epoxide sold under the trademark 
Denaool (NagasI QiemkaSs, Osaka, J9fm; ocmipoiin^ 21). 

Tbe epoxy compounds autable fw tim pnctice of the present tn^t^ntkm may be mcmomess, 
jx^yepQxIde wmpamAs, or qxKKy mma^ Ulustradve ttm^wt i^matUmi or potyfum^m^ 

1 0 qjoxides »iita^ie for wsc in the i»actice of the inwnttcm isdude, without linHtation, i,2*epoxides 
SK^ as c^ylene tMiide or l«2-prqpyl^ie oxide; bimm and ethane d^glycidyl etiHsrs, j»ich as 
digtycidyl butanedtol eth<^, ^hanedioi d^iyodyl ether, or butanediol digiycidyl ether <avajlable 
fmm AldiK^ QM^niad, St Louts, MO); oytoiu^ amhydnde; tito polyAim^al epoxides sdd 
under the txademark X>enacol by Nagasi 0»»mcals» Osaka, Japan; qpichlorhydnn (Aidrich 

1 5 Oiemical, St Louis, MO); enzymadcaUyH^diK^te c^cm^tes ayaila^ie frmn Sigma Dtemtods^ St. 
Louis, MO; and photo»po!ymeri2^l» epcMicte (Fierce, Kockford, tL). The Denacol e|M>xtde& are 
p(^yfo»eii(Miai poi^lyeox^ poty^ty^I «&ms, ¥m &amp^, THsaacfA 512 has 4 tfoxides per 
molecule and JDenacoI BXS21 has 5 epm^ per mc^ecuie. 

the leae^ epcndde gioi^ of die epoxUIe-cou{^ polymer (compound 22) can then be 

20 leaded with vaxkm type& of bi<active ajgents having ftmc^cmat groups which react with the epoxy 
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linkage, such as alcohol, j^isml imines. anhydndes, etc. The result Is a covalent Unk between 
the fiifK^ioiialased ptAymet mi die bioacdve i^eR^s) of Intends cxmipottnd 24), 

Ja the cmbodi««it of Fig. 5» the hioactive agem of interest is heparin (comjx«ind 24). 
Hqmnni$ahtgh}y$iU£iiedp<^y8iit^ straight- 
5 chain amiofiic muoopolysacdmndes calied glycosaroinc^lycans (molecular weight ranges from 5 ,000 
tt> 30,000 dattons). He|»rin contains the fiOktwIng iwi^^ 

to re^on wi* an qpoxide graup; -NHj, -OH, -COOH. and -OSOj. If the reaction bctwe«aj the 
epoxide>cci^UKi pdyfner and h«|Mrin is cafiied om at an a^<Sc pH ($.0^>0), ^ maia leactton witi 
be with the -HH} grotips. The lesuit is PLCA nanqmticles to which he|»nn is covaisntly bound 
10 (OHRpottftd 25). Of ccmrse. tite •<HHl gioups m bqparin nurir 
pK. 

Tbe f<^l<Mvif% ore a^Msctfic ttlt^ative endxxlifiients of ti» qwxy'^MvatizatltHi technique, 
Aithough Bcamf^e 12 Is d!re(^ to flie binding of htspaivR to the surface of epoxyHderivattzed 
i)am^»kr&:U», it Is V) be tittdeniood fluu the epoxy'doivaliza^ asMqtie can be used to react 

1 S yaiknis types of bloactive agents Imving fumation^ grouis whidi react wift the qioxy Untof e, such 
as aki^Kji, ptoKil, auo^nes, whyi&niks, eic>, to maofsa&^m. Ewm {srcHmns and pqp^es. 
indtiding {uitS)o^, can be ttttc^ to^xy^tnoiUkd rmBicfpsai&^ to adNN^ «i^^x>dy>medlated 
dntg <U^vay spuam, Sptsif^ oomj^es IndiKfe iu^Mtin, bhi^^^No^, DNA, RNA, and 
virtually any agtmt which e(»)tains hydroxy or ^no groups, or whu^ may be derivatizable to 

20 comain nsK!!^ groois. 
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PLGA nanqpaiticies wtm {nrqared by «i lfi*s(^yent »»ttisific»tkm««^^)(H»tic« tedmique 
(similar to Bxmpie 8). PLOA (150 mg) was dismived in S m! methylene chioride which was 
emuisified in aqueous PVA Q.5% w/v, 20 ml), over an ice )»th» ii»ng a ptdbe sonlcalor with a» 

5 enetsy outpat of ^ Watts. The emuI»on was sirred with a magnetic stimng bar at room 
temperature for 18 hours m pemut the s^ykms dtknide to ei«|N»«te> Hie natfKq»«tides y>mt 
recovered by uttractmaifugation, wa^ed three times witfi vm^, ml fesu^xsided in wauo^ by 
scmicalkm for 3 smnutes. The rmltii^ mspetmm vm lycfdiiUaed. 

The Jyophtlized PLGA nanoparticles (40 mg) were su^xmded bi 5 ml borate buffer mM, 

10 pH S) by sonificsuion for 3 minutes. A catalyst* i^Aach is in this specific embodiment, was zinc 
tetrafluoroborate hydrate (12 mg) was added to the nanopartlcie suspension. A potyfunctional 
epcnlde, Denacoi 520 (3 epoxides per nurfecule, 14 mg) was dissolved in 2 ml txmut bu^er. The 
tpomd» wbiticm vm »{ded to fbenam^aiti^ su^wnsm wtdi stirring at room temperature 07''C). 
After 30 minuUs, the oanopSBtietes were sqpan^ by uttxacentrili^atiim and wa;^ three times 

IS with wi^ to remove unreacted Denacoi. Tbt mnil^ng prodt^ was ^xy-darivatiud 
nanq»nides. the rew^tcm <^ the PiXSA muu^paitk^ and Ibe cfiCHiide was ^ 

faampte 12: 

In a spediSe; liiiistradve ei^>odif!»nt, heparin is reactively botmd to the ^xy-derivatized 
20 mmcfoitictes of Ei^i^ 1 1 using the inrnujbilized pc^yfiiiK^tcmal epoxide as the coupling ^ent. 
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An access of hqpaiin is used so that <mly <me site on each heptain molecule will i«act with the 
epoxide group. If a lesser amount of heparin is used, more sites on each hqpotrin molecule will 
react with epoxy groups which will result in loss anticoaguiati<»! ^ility. 

PLGA fuutofMO'^cks (40 mg) made tn accordance with Example U were t^spended in 20 

S nU borate buffer. Asc^0R(^hq»rin (l4mg) in!x»aletm£fer(4mt;pHS.0)was8dd^ 

nanoparticles with stirring at 37* C. TTie heparin solution and the nanc^Tariicles were permitted to 
react for two hours, with gmUe stirring. The nanopaiticles were separated from ^e unreacted 
hqparin by ultraomtrifugation and dialyzing against nortnai saline over a 26 hour period. Use 
nantltisig hqpariniaed nanoparttdes were tfien lyophiltzed. The heparin content of the nanoparticles 

10 of this iqpecific en^Kidunant was nwasured by Toluidine Blue mt^achromatic assay and found to be 
7.S ft$/m$ nanopanktle. 

Tt» antithromt)ogenic effect of the bound hq»rin was evaluated by the activated partial 
thromboplaitin (AFTT) test. Dog plasma (0.5 ml) was mixed with S mg heparin>coupied 
nam^paitidot and incubated 37* C for I hour with shaJdng. The thrombin time of the test 

IS pia»na was deiermtned tiang a BBL Fibrosystcm Fibrom«er (Becton Djckinswi Mjcn*ioIogy 
Systems, Coclo^sville, Maryland) following a standard procedure. Plasma from the same dog was 
incubated wiU) PLGA itanqparticlfs a& a control. The hq;»rinized PLGA nanopartictes showed 
significant anttcoagulation activity since no clot formation occurred over more than 200 seconds. 
Control particles which were not reacted with heparin, on the other hand, permitted clotting in 16.7 

20 seconds. 



The st^Oity of Ae haoM he^^iki was tested with nKSIoJal»e}ed **C heparin at 37' C for 15 
days. Tlie i«$tiit$ m shown on Fig. 6 whu^ ts a gRQ)hic8l rgspeseotatioR of the in virw idease 
of hefnrlfi as measttivd by ladioacilvity exptessed as a percent of bound hepuin. About 30% of 
the iKHiftdhc|iarin \m released from 4iei^^ llie nsmaiiung 70% 

5 was bound with a high level of stsdbiUly. Aboat 65% of the beisarin imairted bound to the 
lunoparttdes after 15 days of tetease at 37* C. TMs inctaes a itta&te dwmleai coi^ifig of 
heparin to the nanopartieles. 

£xamplff 13; 

PLGA nanopamcies weie prepared and epoxy-activsted in acconJance with the method of 
10 Example 11. Tlte q)oxy-acfiv»ed »am^iaitidk» (70 w0 ymt mi^iexM in 5 ml bicariKmate 
buffer, pH 9,2. BSA (30 mg) was sepaiately dissolved in 5 ml of the same buffer, and mixed with 
tf» nanqpaitkite »i»|)«n»tcKt. The reaction was aOowed ie taice {rface for 24 howrs so. 37** C with 
sttrring <m a magnetic stir plate. The Resulting nanoparttdes were collected by ultracentrifugation» 
mi Wicked three times with ell^ water or i^iosistoite imtaisd saltite (pH 7.4) comainmg 0.05% 
IS Tweeii>^. 

The anKHmt of BSA torniA U> e^y-at^vaied iii^)p8rttdtes (PLGA/BSA+£I>) washed in 
dther (R^Q) or butler is compared to the ammmt of BSA bound to non-su;ti^^ted PLGA 
nanopaitieles (PiGA/BSA) in Td)le !2. Piasn «»Htetiv^ PUSA nanopartit^. eontaining no 
BSA, vme used as ctmtrols, TibH 12 d<«icmittfaAe$ significantly belter binding of BSA on epoxy- 
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Table 12 





Abs. 

605 nm 


B$A 


Wdght of 

NP (mg) 


BSA 

0«g/mg NP) 


Net BSA 

Otg/mg NP) 


PU3A 


0,156 




9.35 


1.70 


0 


PLGA 


0.202 




10,0? i 




0 


PLGAmSA+EP/HjO 


0J57 


113,49 


5,74 


19.77 


17.87 


FLGA/BSA-fEP/Bttfircr 


0.943 


125,47 


8*14 


15.41 


13,51 


FLGA/BSA/Hp 


0.$50 


42.$2 


7(.26 


5.91 


4.01 


FU3A/9SA/Biilfer 


0.2S0 


29.00 


3.72 


7.80 


5,90 



It should be noted tiuu, while pw-|)olyinemed and pre-foniMd sanoiiartides were «|)oxy- 
luatlvaipd iB^ dertvaitiedl 1^ &» meltod descriNsd fcoreHuAiove, Qte mtwmen cem^mg the 
polymer^ for example, can be fmi^omimti prior to poi^fnetizatttMi with the reactive qpoxide 
gnK^ wiAioat departilii^ fnm sprit aiid soapt of the preset inventkm, 
IL IncAnooration of Surface Modifiers Into Polvmer C^m U»Mx 

In anoUier alteroati^ te^t(^ fsxt ^rovtdmg sarfyut modinca^, the soifaeie 
modifyutg Mg/em, is incoiponiled Into the matrix of tte blocompatibie* blodt^radabie pQlym^- 
comjmalng the nanofnitide eose* 

(1) CHflgofBoration gf a Sarfacc-MoailyiRg folymgr 

In fia$ <me a^eet ^ &cet of Ae tnventiim, tte nam9f»R]cie pol^mo' core may coin{»ise» 
at least partxaily, a biodegiitdable, biocom{»ttble poiyiner whidi has a sasiux modifying propeity. 
Ifi a wptdfk illiUEtia^ «»i^od}irH»it detailed bi^ow fai E»t»^ 14, i«s4>ut^ cfftmsmryi^ is 
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eotsSmai wsft PtOA m the (HganU: i^ase of a» i»>s(^v(mt effiu!»fU»timH:»rapomtk»t tec|}ni<|ue. 
The result is naiKqaittdes having a PiGA-cyaiioaayiate polymer core. Hw cyanoaciylate impam 
i Uc»Siimvt ptoft&ty to dm issnqpaitides. ecRirse, die imiount of cj^atoaicryla^ tdattve to 
FLGA can be modtiksd. 

5 O&m pdymas, such as t^R^te or Flunmks* caii be co-ineoipon^ wtUi PLCA m 

aiu^liar biodegradable. biocom|»ilbie polymer in acocmiance mth the pn»c;ti^es of the inverttioii, 
to impm. a i^oad}»»ve pK^pexty, Fordwr, it Is to be deauriy timterslood &m this <»»fnple is 
illustmttve tody, and tbat mmy <Hber pcAymm can be a>-incf»p(»ated with Mod^rad^ie, 
btocom^ble pdymers to §om oon^WkxRS having varicms iin|»c»mi pn^rties, deluding those 

10 pfcxperties attnbuted to "suifaoe nuadifytng ^ents* as used heretn. 

In a i^cal piepamicm, 10$ mg PLGA aiKl 36 ing tst^utyi ^^anoacrylate (Poiyscience^ Inc. , 
Vfmin&mt PA) were se|»rately disserved in S ml mdhyl<»e chk»i^ »)d tiwin onnlnned to make 
an organic p{uu». U86 (67 ^ dissol^ m ti» solatkm ccKnpnsing tl» oig^^ The 
1 $ mgmk: fimt was emv^fied uito 2S isici2.S% wN aqueom PVA sommjm^ u 55 Wmt 
energy oatpm for 10 minutes over an ice i»th. The oiganic phase was evaporated £rom the 
emitlidtm al foom tmptsmst fin* 40 hmm. The lesuMi^ aanopax^Miies ware Kcoveied by 
tiltmcentrifiugaticHt at 140*000 g, washed thiee tinws with water, ami iy^philized. The FLCA» 
cyanoafiryl^ nanaiiert^es were reoowsed in about ^% yidd, with k«dii% of 25%, The 
20 mean panicle diameter was 123 ± 37 nm> 
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In ym another etnbodtmetit of this aspect of the tnventicKi, the l»oa3^patib}e, &todegra<t^le 
polymer is a novd qpoxy-deriv^zed and at^vaK^ pciys^/Pss^K^um^ Ftt^^spn^actmie, a 
bio<legnuia&Ie polymer used in the medieat fieid, has Io»g-te»n stisyJried release potential. 
Howewear, cfmv^omil podycs^^otaMus are mm meM as carnm foe hydrqpiuiic acti¥e 
or for fopid release ai^Ucattons. In addition, polyc8pR>lactime$ lack leactive Itincsionai gnsups that 
oui be used tt> <lenvalize« (mt dioiucsliy modify, the poiymet. 

In this (»iA)odiinent, hj^rop^ki segnMaits, mdbi j» pctyC^ylose glycol), am tntrodi^ into 

a PCL polyma* chain to form novel biodegrad^Ie hydroxy-terminated poly (t-caproJactone)- 
poly^er multi-^oclc eopc^ymers as cantos f<x bkie^Ks^y active a^ts. Ute novel 
poiycaprolactone^based polymers, therefore^ have more desirable hydmphilic charactenstics tha» 
ooftventtcMial poiyca|3«ohK:ttRK!* omtnc^hybht btodegn^^ id»K^» and ttie pc^mtial for fuither 
deiiyatization, such as through the addititm of reactive epoxy groups as described hereinabove. 

AdvantaseottJ^y* t$ p(»sK>!e to form mmqiarddes fmn polycaimflactone^based 
polymers of the present invottkm widiftotit the addltim <tf a d^»gait at i^ulsifying ag«)t. When 
an (»|g8mc nAt^&om pdi^eA^i^lcne glycoi>-pdyea|n!«^act(me, for (sanii^e, or ctim «nutar types 
of pollers having boOi hydrqpAo^ «id hydio|rfM)bie rkMss In a n^jpe mcdeeute, is ukied in«> 
an aquecttis fUmt^ the b^iopiiate pto^ of ^pApm moleoiiie (PH3) will towards^ 
aqueous phase and the hydrophobic porticm (PCL) will o^mi towards the ee»U»r of emulsion 
diO|^« Thus» a nmagsa&eiU em cons^i^g itf a hyd^afriK^ pwtiiM wi^ a hydroj^ilic surface 



wUl be fonnad^ The otttwaniiy fidng PEG is a very good emuisifier and will assist in the 
foifiiatioii of an emtilsion. Morraver, FBG wtU aiso ^;abiiize the emulsic^ and prevent aggi%;gation 
of tiie emuision dro|»lets. 

Block ot^ymers of the hy^t^phdnc PCL se^me^t and a hj^liophiiic segmi^t, which may 
be a hydiophiUc polyether» may be syntiussized by maMple leau^timis between hydroxy! end groups 
and epoxide gnnifis m a reaction scheme Slustiated in Fig. 7* The itlnstrattve nacticm scheme of 
Fig* 7 can be used to chemically link cqpoiymer blocks in ABA, BAB, as well as (AB}«« form, so 
tha^ hydfofrfiobicai^ mi motocular w<a^ <^ the Mock CBfoiytms can he tsdkxed as desmd, 
Pladng hydmxyl groups on &oth en4s of Uvt iMt mpolymm permits re&(fy dtemical modification 
of lie pcAymer^ sasSn as coiq^ing to NqKuin, att>umin« vi^e&xmy antibodus, or ts^tax bkiinofaseales^ 

Refemng to Fig. 7, compound ^ is polyc^iolacttKie dio! (PCL-Diol) . The highest weight 
PCL-^io! oomniBKMly a^^lable has a tnoleca^ wdght of 3000 which is not kmg mough to searve 
85 a main segment in a ct^lymer used as a sustamed retease biodc^iiadable nanopartidte. la order 
to a higher nK^eeular weight FCL^iiol which will i>e a solid at the contemplated ten^xiatures 
of use, PCL-diol (oompottud 30) is teacioi mth a difitaciional epoxide compoum!, »tch as Denacoi 
)BX2S2 (com^mtni 31) in a 2.S:i mo^ ral^o. An e»om of PCL^diol m& used in tids particnhr 
case so diat the l?CLr^ w«Mdd be an end grot^ in the polynus- diain. If tatio is lewersed, 
U. , there is an oteess of E5Q52, then the eptmiOt compoiBid wiU be an «id group in the pcdymer 
chain. The unreacted PCL is removed by gradient preeipiti^dtm. Itie reauH is an «icpanded FCL> 
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4ml, in Ms specifle eRdxtdtmoit 6as tiie jftractuve: HCKFCL-EX252-PCL-OH (compouiid 
33). 

Although tte dtlunctional e|X»u(te, Desacol EX2S2 has been used in ibl$ spmfic 
emlxKltmem, it is to be laKterstood thstt fx^yfiaictioifia qxixide. herein (MInett as a dl- or 
m^iiifiBi^mia! epoxide, $f»A wt Demcc^ EX521 and EX512, or l,2<^xtdes. such as ethylene 
«Nd4e 09r U2''pm^km o»de» can be used in the pmsiicc of tnvtt^mn. 

The expanded FCL-dk)l oonqMHind 33 is nsaelBd with excess ^Ibnctional epoxide compound 
to aehieveend<aq^piRgoftheK:L>^ w^^xide pmpi, JMmi^ to Fig. 7, one of the two 
efiOJtide groups in tiie dii^nN^nral qpcncide crni^poimd 31 leat^ with the hydroxy! ends of the PCL- 
dii^ cmnpmind 33 and teaves the «^Ha> <qpoxi<te; ffta^ free so ft^ both ends of the PCL<diol are 
capped by an epoxide group. Itie excess qxmsie compoui^ is lenKnred by precpitadOTi and 
waiting. The result is an epoxide-capped PCL. £X2S2'PCL-EX2S2*PCL-EX2S2, compound 34. 

CtHnpmnid 34 (Blodc A) is itacttKi witit an excess of a poJyether dioi (Block B). In the 
(»nbodtn»eat iduiwn m Fig. ?» die pcrfy«ther dioi is pcd^yiene glycol (FBQ; M. Wt. 4500), 
o^n^potmd 35. Woiik A tsmuied withfitof^Bina l:4fnoisu'ni^»idu${^^ 
The resuUing copidymer is ooHe cte d by jnecifstt^ iml ttie &6om of pdyedwr is renmrnd by 
wai^hig with vmm. Tim final copolynMs- is a BAB firibloci: copolynwr Unlsed wndi <qpoxi«fes and 
teradnadied at bc^ ends by hydroxyl grmtps, otm^ixnn^ 36. In M$ 9pea&& tmapUt, oompound 
36 is HO.PEG.EX:3^2«FCL-Em2-PCL-EX2S2.PH3-OH. 



To make an ABA triblock copolymer, the reaction sequence is reversed, , the polyethcr- 
4kA is med u> form Block A and the HX-dU^ is used as Wxtck B. In a<iditkm^ multii-blodc 
copolymers may be made using ABA or BAB tribiock oopoiyfitees u a pie-poIymer (analogous to 
cetmpnpd 33). in dAar wimis, die ABA jprqpolyimar t$ «a$-csgpped wl^ tpcaMc otmipound and 

5 nsaousd mih B block which results in a BABAB copoiymer or A block for a ABABA cc^iymer. 
A person of oidinaiy skill ^ the on can devhe a fl»i{ti})iidii^ of hydn^y- and/i^ qpoxy-^miiutied 
polymers using the techniques of the present invention. 

Of oomtt o6m bydn^rfidNte pel]^tners mi^ btt used for Blodk A^, for exan^le» such as 
potyiactldes, poIyglycolt<tes, FLGA, polyanhydndes, polyamino acids, or biodegradable 

10 polyureii»nes. <%lter h;^irq(ri|K^ pciymers »a^Ie ffx block WA In^i^ pc^onMrs, such as 
PiuRMfiic F6S and Piuronic F127, and poly<pr(^y}ene oxide) (FFO). 

Xn c^KsIng A and B polymers, a pmmi of ordinary iddlli in the art woiM dioose an qf^mal 
bidMOK of hydrophiiic and hydraphobic molecules for a particuiar application. More hydropliiUc 
polyRMSfs wtQ havt hsues di^ irieaang ]HtfN»t»$ and i4(x venm. Physicsd |Hrap«rties, mck as 

15 siuipe and stability of the drug system, as well as the i^leoitar weight of the polymer will affect 
the reteas^ kinetics, 1t» k»wnr die nmlecutar wdght oi die ptAynm, of omtrse* die more n^d die 
lale of release, 

Hw molecula}' wagjA of block copc^ym»rs fioKks In accoidanee the invenikn Is In die 
range of 30,000 to 700,00 as measured by ^1 permeation or intrinsk viscosity , with ai^mximately 
20 90«000 tt> 100,000 being ]»elmed fix drug ddiv»y i^^iiltcadofis. 



Examplff 15; 

In A specaiSxi^ ilhu^cntthne imibcxtimait, FCL<4id (US g; 0.5 mM<^.; Fc^yscteie, Inc., 
Wamngttm, PA; M. Wt. ^,000) was reacted with Benacol EX2S2 (0.21 O.SS mMoL) in IS m! 

S C lui^ sttrrittg fm 28 touts. To sqncaie the ex|iaii^ PCLsiioi l^om the iK»^|)»nited dioU 
gradieiit praeiiiita^ nvs canted ottt heptane aad Vtm fmsfimedi luiglKa' nxitootiar wdght 
FCL was collected by ccmtrifugation. The product, which ts an expanded PCL-^ol, H0*FCL> 
OSSS-FCL'^Sii, was w^admi wi^ 5 mt of hqptaiie nmom IBree «|)Mide mdead«» and drbd. 
Hw exfMiided dioi (0.75 g) was fcaciicd with De»acoi EK2SZ (0.42 g; molar latio of PCL 

to to E3QS2 was 1:4) ) m !0 ml IHF* in the |inBS«»e cf Z^CBF^)}, m 37* C mdi slimng for 5 
hours. The polymer was pRscipitated with 30 ml h^tane. The coUeeted |»oduct, which is an 
qpoxide «»dHC^{^ eaqaanded KX, i^iedfu^ly 1e30$2'JH^WCS5Z'VCl^lEX2S2, was w«i^ with 
10 ml of hc|^e to remove the excesses of qx»xide compoimd and dried. 

IS TlMS PECMemunated compound 36, HO.PEG-EX252.FCL-EX252-PCL'EX252-PEG-OH, 

can bit maite MSmm 

ComptHtnd 34 (1 g> is dissoWwi in 15 ml THF to which 2 g of PBG (oompoimd 35; 1:3 
malar ratio of compomA 34 tt» i^) and %0 mg had be» added. The reaction ts 

permitted to proceed for 48 hours, on a shaker lafele» at 37* C. The polymer HO-PEG-E5C252- 
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PCL-EX252-PCL-E?C252-PHH«a (compound 36) is |Hieci|>ttated m&t heptiam, cetttriftjged, and 
wastted twice mth 50 ml of vmex. 
ixagyte 17; 

ABA tnbiock copoSymm were made in accordance vi^ the illt^trative gen<»ral reaction 

S sdieme of Ftg « 7, va^g Mlaimog pc^^itiiars as Wxxk A: PEG E45QQ, &m polaxomm FlitrEMttc 
F68 (F68) and Pltiiomc F127 {F121). and |»Jy((a«f>ylci«! oxide) <PPO). The various polyethcw 
wore incmpofsled mio ABA td^kade cqpdlyrocns with POL to cl»tain pc^ymer iqwciim»is with 
varying hydn^hitidty and loechamcal prqpetties. PPO is a hydiq^hoiiic polyetlusf poiymer of M 
Wt. 4000, Hie l^tttoiitcs are (fiblock copcdymers PPO as the hydrq^^ic ^ock and 

10 poly{ethyl«Re oxide) (P£0) as the h^nq^tc block. Piunmtc F127 has a iiu>Jecukr weight of 
i^ut 12^£00 and is PPO and 30% I^O. IHttriHik has a nK^eeular weight of iil>0Bt 6^000 
and is ^%PPO and 20% PBD» and hence, less hydroi^iiic than Pluronic FI27. PEG is the most 
hydfoi^Uc pdlyeti^ in ti» giotip. 

In a specif iiltistrative embodiment, Piunmic F6$ (1.5 g; 0*25 mMoi) was nsacted with 

15 iDenaeidEX252 (0.42g)tn I5miTHFinthe|»esenceof40mg^ 

to E!C252), at C with stining for 6 hours. The n»cti(m mix^ was pfecipita^ In 20 mi 
hci^ane. The oolhK^ ptodN:^ was wa^^ed wttti S mt heptime twice to ««ik»v«s the excess 
tmrtaacted epoxide, and dried. Hte lesuU was an epoxide endnc^^ied Plttfonic F68 (Block A). 
The epoxuie &ii&-€sppei nimxac was reaeted widt PClHiioi (2.3 g) in IS ml THF in 

20 the presence of Zx^F^^ at 3?^ C wi^ fining for 4g hours. Oradtent precipita^on in heptane was 



wo 96mm 
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used to sqMnraue tte mulling copolymer from non-nsacted free FCL. The i>rcctpimted copolymer 
Wis «dieeiol by coutifu^oi) md dried. Ute zeniliing hydmxy-tamuiated ABA UoQk copolymer 
f$ HO'?CLrEX252-F68'EX252'PCL^H, de^gsated as FCt/F68/?CX in Tmt% h ^mm bdow: 



The snierai a^ifwanuiee and pfiync^ prqxsttes of tius ABA and BAB tdblock copolymoi 
formula^ in Example 17 axet i^own In Table IX The eosreiixwding hydfoxy-ttmtnaied BAB 
btodt oqpefymer^ KO>F^£9Cl524K:L4iX3S2-F^-Oii« is ^pmo6 as WWP^JF^i^ in Table 
13. Hie */* maerks indtcatee qptmy lial^ti^ in ac«»nianoe with tiie pn»e»t tnveiitioii. 

Ui^g the $d!ie»K»Qf designation, ^ hydfoxy-teninnaleii BAB trd^lock; copolj^ner compound 
36 CXI Fig. ? is FEQ/FCL(I^F£0, whete '(E)* indicaiKi that the FCL is expanded with epoxy 
linlages a$ set forth in Example IS. Of course, the termindogy FH^FCL/P£0 would Indicted 
an hyditixy^tennins^ BAB tribioek copolymer without additional expansion of the FCL 
oofi^ionettt Theeoiwspomling ABAtilWockc^lymer, HO-FCL-EX2S2-FEO-EX252-PCL^^ 
or FCl/PEO/PCL, is s^iown below. 
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Table 13 



FoKiynuKr Type 


Moiptiolpgy 


Water 
Solubility 


Ftlm-Forramg 
PfOpctty 


PCt/PEG/PCL 


ciystalHzable powder 


itt^Iubte 


strong, n«uubie 




arystaili^eabie pow^r 


iwc^ls 


flexibie, br^ks in wiuer | 


PCL/F68/PCL 



ciystalliz^te powder 


insoiirijie 


strong, Hexibie 


F68/PCL/F68 


crystalHxable powder 




liexible 


FCU127/PCL 


cjystalliiable powder 


swells 


brittle film 


PCL/PPO/PCL 


sticky wax 


ittsoliible 


does not form film 



Referring to Table 13. the most uoftil polymers, from tbe viewport of drug delivery, are 
10 the MpDlymers made ftom PCL and PEG ©r Pluromc F«8. Polymers which do not cry$taJli», 
such as those contaiiiing a high level of PPO» have poor mechanical strength and are sticky. 
Poiymers having a lai^e hydn^iltc segment, such as the polymer from PCL and Plunmic F127, 
aie difftcuh to $e{^te liom the aqueous phase and will not maintain a solid sha^ in contact with 
water, or body fluids. Siiccessful dmg delivery devices comprise polymers which are solid body 
1 S lempera&ire, slowly dissolve or erode in the piest»ice of body iluids, and n<»i4aflammatory and 
mm-toxic to tisstie^ceUs. Otlier advantageous dtiai^tenstics vii^uld include high dnig loading 
eMciency, the ability to be deriva^zed« s^bility, and, in certain emlMxiiments, the ability to be 
easily suspended in an injectable fluid medium. 

In order to demonstmte that the reaction scheme of Fig. 7 pfoduces ABA triblock 
20 copoiymers as alleged, INMR spectra of the PCL/F6S and PCUPBG copolymers wei« measured 



OR a Bmia^ AM*^^ af^^ar^ lising CtK^t^ as tite sx^ve&t A comiMuiscm of pmsn NMR 
spectm of the sianing matenals and the Anal co{x»}yi{ier verified the jnolectiiar stnicmre. 

"Pm Ibe NMR study n^md hemn^ ^ n»(»iw ccmtpQumls ymt FCUPEG or PCl/F^ 
(see Figs, 13 and 12, xci^pec^ydy). Hom^nar, n^ben the polymers aie used for drug delivery, 
Mier reactions fiiay be earned wt to iksm die ti^>lodk wpolymm^ Pd/PEG/FCt or 
PCt/F$8/PCL. 

Fl^s. 8«} 1 show tilw i^Msc^ of the stardng nutteiibds PCL"^, Hunm^ F68, PBG E450O, 
and Denacoi EX2S2» les^tively. The spectnun of tto PCUF^ copolymer is idtown in Fig. 12 
and matches the fsqwsed rndtoodar structure shown iwe^aibove. Comparifig ^ chemkal shifts 
in the :ttarting matenats» PCL« F6S, and £X252« io the shtlts observed on Fig. 12, it is certain that 
dM»e are PCL segmmts (c^temscal at portions a, b, e, d) and se^n^ts (chemical Mfyi 
at positions e and 0 in the ftiHil prodtsct. A smatl peak at d 0.7 ppm which has the lowest intensity 
j^ottld bet the Mft of ptcm h In die -CH, grtHi{» in Ooiaccri EX252. The reactlcm betweesi 
epiKude groups and hydroxy! end'-groups mts ocmflraied by the chemical shift at S 3.4Q1 ppm 
($x&m x) v^tosk npnamts the ptatom in the li^dng txjfids re»Jlting tttm ^ leactitKi. ttie • 
CH}OH eatd gnH)^ m d»e 0nal copolymer gave a shift at 3.415 i^m. 

The i^seetram of tte block cc^lymear FCl/PEG is i^lmm in Fig. 13. This s^^ectrum shows 
the mm shifts as in Fig. 12 except lor prottm / which rquesoits the difference between Piuronic 
F68 and FEG E4500 as siK)wn in tte i^peetia of Figs. 9 and 10. The FCt/HeO block copolymer 
idmm in Fig. 13 had a 75:25 motor of PCL to PEG. 



In the speetrum of Hg, 14, the PCUPEG isopolymer had a 60:40 molar tatio of PCL to 
PEG, ami therefone, OMitaiiied a greater proportion of PEG than the PCL/PEG copolymer shown 
tnFig. 13. Tile chcmkai^iiftscaiised by tiie proton 

4m to thdr relatively very jonall atiu»iots, mart <ldlberately mlaiged. The chemical sht:^ at 0.71 
5 ppm (protons h) represents 6 pmm in the pmps in Denao^ EX2S2 and peak r at 2,64 ppm 

is d» Mft whi(^ comes ffom ttoe two prc»c»s of -^CHj in the ^ioxi<le end group in Benacoi £X2i^2, 

Alter the epc»ci(ie reae^ with tiie pc^ymer diols» the mtenstty of ^s proton r was greatly reduced. 

It can be verified by the iat«»sity ratio of h/r. Before reaction, the ratio is 3.6 as shown in Fig. 

11. the iatM> changed to 7.7 alter ttie 1mmx6m of the copolymer <Fig. 14). There is a trace 
10 amount of unreacted epoxide in the copolymer. Ihis indicates that it is possible that one of the 

epGwide groi^ be reacted titas -OH ma grtMa{» of ^ p(^y-did while leaving tihe other 

epoxide group fwt m that an cfK^xide^capped copoiymer would be formed if excess Denacol EX252 

is used. 

Esamglg 18: 

t S Hepauttn and albumis wcfe chemusUly linked wi^ die {mninal hydroxyl gm^ of the block 

copolymer through use of multi-luncdoaid i^xtde compounds, illustratively Denacot BXS21. in 
this ef^x)dlment» Denact^ £X$21« vMi fm qponde i^roi^ pet moleG^« was used as a linking 
reaqs^t mstead of the difunctional tkmml EK2S2 so thst more free epoxide groups woald be 
sn^iahdile for omi^lftg react»Mis. An «(c»ss of Denacdj was missieA wi&t the tomlDal 

20 hydroxyl grouf^ of dte polymer particles to form ^xide-c^^>ed ends. The coupling of heparin 
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or albumin to 1^ KX4»$ed pc^^nmrfsatides is 11^^ iNstweoi the free tpoxHc group 

on ti^ polynusr ends and amino, hydroxyl, or other liutctioiial groups in albtnnin and itq»nn 
fHfidtaciries, as described ha«MiGn« m dse $ec^ on qxmy-derivsKtza^. 

Tribiock ABA and BAB copc^ymors of PCL and PEG or of the Qfpe descrilM^ in 
Bxan^ !7 used to ms^ mmopsottetes. A specx^ iUs^nutve prqpas^^cm schesne is as 
foUows: 100 mg poiym^^ was dissdved in S ml methylene diloride and i ml acetone. TMs 
pt^ymer ai^utloii was added, wftfi sontca^ at 55 of amrgy output. Into 20 ml (fistOIed 
v^oer. Sonicamion was ctmtinued for a total of 10 nunui» U} form an oiHn-wi^ emulsion. 
Qf)|anksc>lvemwas«vi4)cmdedatfooml»np»^^ Nanopaittdes were 

reeovet«d by t}lti»^tr{fugati<m at 145,000 rmj^xmdal, mi ly^phtUzed. 

In a j^iedHc iI!uim:iUive ai^odifismt sa^u» modtiics^ of !*CL-based 

nanoparticies, 50 mg polymor nanop^tkles were sus|N»ided ui iO ml pH 5.0 bora^ buffer (0>05 
M>. An tsKoess of Dei»c»t EX 521 (O.S g) was dissdved in 5 mi of M same buffer and added into 
the polymer paitide sui^sion. A c^yst, zinc tetrafluorc^iale (ZnC&F^),; 14 mg), was added 
wiUi stlning. The naictfoB ndxutns was i^bakm at 37* Cfot 'Sia mifitilKS. Hms partides were 
effected by oeoitnlNgallon and Uie otoess Q)oxtde compound was removed by washing the 
sqpaiated p»tidi» yntter. VmxtsiiMms ep«md^-c^^ 

The epoxikle-cs^pfwd polymer }Hur^cl(» were i«w«i§pa)ded in iO ml bomt buffer and 20 mg 
hepann or i^min was added widi shnthtg. Tlie feactUm was paw^mA to oomlnue for 5 to 10 
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houm at 37" C Hm: Iu»1 |»oducj was cdlected by centrifiijiatikm. Frese h^KUin or atbufRis was 

removed by washing the namsftaitic^ fhit« ttnies with wa^. 

In <mlar fo measttre tfie simNmt of hq»r»i or aRnmiin c(M|^ the polymer paftilcles. 

latBolMbeled lu^iaTui {'H-luspe^) and albumin C^C^alboimn) weie used in Uie coupling reiUi^Qn. 
S AbcKit 5 mg coupted iKG^Ies were dlsse^^ in S mi of m^ykstut diU»i(fe. Hie oi^^ic sDlu&ai 

vm washed three times widi ymex (7 ml). The ems«entta^ of hepam or aibtimin in the 

combined 9q\mm octn^ was fiK»sttied by liquid sdmaiaficm ccKmtii^ and »mcmt of »^ 

hapsaiR or aibumiii in Uie pdymer {orttctes was calotli^ £rom a calibatkm plot. 

Ta^te 14 ^io«n the RKSttlts oi coupling albumin (BSA) to vaiious block copolymer paiticles. 
10 The namifafUctes made <rf the potymer PCL/EX2S2/FCL is the expaj^d PCL-dioI, am^pmrnd 33 

of Fig, 7. 

Tabte 14 



Specimen 


Amount of BSA 
(mg) 


BSA % (w/w) 
coupled to polymer 


Efficiency of | 
BSA Coupling (%) \ 


PCUF127/PCL 


1,37 


15.40 


38-50 


■ 1' 

FEG/PCUPEO 


1,19 


a.37 


28,43 


PCUPEQ/PCL 


1.25 


13J7 


32.43 




1.36 


13.22 


nm 


PCUF68/PCL 


0.82 


6.46 


16.15 


PCL/EX252/PCL 


0.33 


3.51 


8,78 



Stefming to Table 14. it Is <4>vkms ttax tt» amooitt ^ aibumlR cotifiled to £be fianof>aftlcte$ 
varies with the bydn^hobid^ of the {polymer. Mm hy^^^M^ jpoiytitem temlt in higher 
coiq:^, Sinse otwf^g tabas {dace itt tf» end of tiie polymer rodee»ite» ft» moieoslar «^ght 
of the poiymer vi^d be an imfKHtuii fmim in coupling efficiency. The higher the m(^eciilar 

S tmght, l3»k»vwtfMsaimKmti)faUmmittitett<^ Apersmof (xiMnaiy iddilinthean. 

in the }»actice of the tnvmtifm, w>ul4 h&ve lo haiance the jienied moiecaiar we^ht lequiicd for 
medial^ strength i^i^ynii d» bk»ncto»i«' oixif^t^ mfs&cei a givcai $p0xaiiami. 

For solid ctosage forms* e.g., imptaats, lequtring long-M leiease, a hydn^iht^ic poiymer 
is asei^. Kydrc^lic pciymm w» pmmSo^ to wMer or i&ssxk fivM, and wUI ccmseqi«mtiy» 

1 0 bioerode im»e qaicidy. From the standpoint of maloRg nanc^iaiticles, the hydn^hc^ic/hydrophiiic 
baiance dKRild be aaliin^ so &at die poiyimr can fom nanopaiticles wiUtout an extemai 
emuisiHer. !f the poiymer is too hydiophtiic in n^re, or too hydrophobic, an emulsifier wiii be 
reqtitied to, fm nux^paitictes. FutfSm, if the palyni(»' is too hydrt^Iic^ it Mdtl be difficuU to 
recover. Of course* hj^rophiiic {X>iymers wiU entn^ more hydrophiiic drug md hydrophd)ic 

IS poiymers vM mtnp nmt bydttf^H^e dr^|. A pcxsoa of onUmffy sidti in ^ art <an ea»iy 
control these projK^ties by detomining tiw i^^propiiaie number of hydrophobic and hydrophlitc 
st^maits* as wdi as flidr fe^ve pcmdoos (e.g., BAM m ABA), in the n«it^>yodc pc^ymers. 

The s^iiity of the atbtimin«pc^|^ nanoparti^es was tesi»$d in a dt^iisicm chamber 
coftiaimng phoiplnie bitffiBr, pH 7.4, ta 37* C Hmopais^ of made in 

20 ac(%irdance with Bxannple 18 wm subtended in buffer and amtinuottsly shal»n. Fetiodicaiiy, 



aam]^ df ims tmmeimitfeip^^ mlth ftesh buffer. Radloac^vity of ^ lemovedi balfer 

sm^ was measured by Itqiud scindltadon ctnmting. In Ms manaer, the stsbiiity of aJbumtn 

(BS A) cm^led to PCL/I%8/PCL cqxslymcr was roonitwtd over a 60 day ixariod and compared to 

a psAymer comprising a physical mixture^ or dispw^oa, of BSA with the PCL/F68/PCL 
S nanopaiticles. It is to be noted, Siat the phydca! mixture of sShumn with muiopartides is not 

con»dmid to be part of the invtsi^. 

Ute tesnits are shown in Wig. IS which is a gia^ic representation of the percent of albumin 

nsmalning in Hat FCUF68/PCt nancpartides as functton of time in days. Referring to Fig. 15. 

the chemically coupled albumin was very stable. Mom than 90% of the sotted albumin remained 
10 alB^r 62 days of incubation. Hie ptiy^^Iy mixed albttmin/pdymer specimen exhibited faster 

leakage than the coupled s^Msdmen dunng the first S days. Hbe high looleraiar weight of adbumin 

may impede its difiusttm from the polymer particles. 

TaMe IS shows tiie lesulls of cCRifding ^[larin to various block copolymer pa^cl<$. 

Api»oxitna»ly 5% w/w hqnann was coaled to jKUticles of each identilled copdymer. 
IS Table 15 



Specimen 


AnKHint of Heparin 
(mg) 


Heparin % (w/w) 
coupled to polymer 


Efficiency of i 
Hepann Coupling i 

m 


PEG/FCUPEG 


0.64 


5.87 


14.^ 


1 PCUF68/PCL 


0.51 


4.95 




1 K:UEX252/PCL 


0.46 


5.05 


12.63 
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lieiMrm-ocnti^ ii»iop»ttcles «n»e subjected lo ^andard AFTT te^ng. No dotting 
ooonred over 200 seccmds for dog p\mm taa^ with iM^parin-coupled 8ano|»attides, conlttming 
the sntitiinHnbogentc effect itf flw ornqstodi hepma. In co ro pariso n ^ ttn-hejpttnmzed paitidtes elected 
within 20-30 secomls. 

Figs. I6A tiiiougl) 1^ m j^s^^tod K|m»«itaid(m$ of dteisabtitcy of i^ liepurifHxmpled 
ttaiK^poxticles of T^l« 15 exfsemed m % bound h^pann icmaining ovef time in days. The 
chemieatty ocmftoi hqsann Is fttbstm^ly WBtt ttaSn^ tf»n the i^yscally mixed. About 8S% of 
the he|»ns remained in the chemicaliy coupled lanicies afkr 43 days as compared to 15% in the 
{Ay»ca!}y mn^ed samples. 

U86 and dexaro^Husooe vme tncovponi^ mto nancq)afticles otHnpristng PCL-bassd 
copolymer. Ute nanc^Ktitides wens prqpaied by the in«solvent emuis!flcatton>evaporation 
tectoiqiie deso^Uied ^x>ve (see^ Ex^pte 18). Howevs», »nce die block coptd^nitets contain both 
hydiophoiiic and hydmphiiic fieatares. a suifactant is not necossaniy required to form the initial oil- 
}n'>wat«' emitlson. 

The POL-based polymer and hydrophobic dntg were dissolved in an organic solvent, 
methytenechlodde. The c^game itfiaae was sonicated in an a(|it^ 

embodiment was a sodium phosphate buffer (pH 8.0)» to form an olHn-water emulsion. Tht 
oipmic solvoit was t!>mpm!tfd at room tempemtum with sdoting. t)ie nanc^iaittdtes w«« 
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lecovemt by uttocenaijfugaticm and cbled by lyopbilizaticm. The hydroxy! end groups on the 

In a specific illustrative embodtntent, dexaniethasQDe 0S mg) was dissolved tn a 
combination of 0.5 ml aeetoae and 0.3 mt ethanol. The dntg solution was mixed into a polymer 

S soititi<Mt (100 mg) dissdved in 5 ml methylene diloride. The (M^^ank: phase, containing drag and 
polymer, wa« emt;a«lied ifvittt scwiiUca^on tt 55 Watts of encagy mtj^, into 20 ml 1% FVA 
sedation for tO mtnutts over an ice bath to form m oil-iut-water emol:^. The o^ank sc^vent was 
evaporated at lOom tempenmne for 16 hmn, TNe nanopaitieles, thus^formedi were feeoveied by 
tiltiaoentrifugation, maSned diree igmes mth wate*, and tyophilixed. 

10 T^Ie 16 shows the mean panicle mn^ drag loading, and heparin coopUng to 1186- 

cofitsamng nanoparticles. Anti-^dtrombogtmic as^vity ma conHrmed by the APTT test which 
showed no eh^i% ui gieaua* than 200 seee»ids for the hqpariniased nanoparticles. The ccqwlymer 
of B^/PCL^^ fotmed the smallest par^ctes due u> the long free hydrophillc Pluronic F68 chain 
m both ends of the cc^ymer. ICL^fiO/FCL blodc oqpniymer also formed smsdl parades. 

15 Table 16 



Specimen 


U85 loadmg 
(w/w) 


Heparin Cou|Hing 
{») 


PajTticle Size | 
(nm) 


F68/PCUF68 


12.8 


3.86 


131.2 1 


1 PCUF68flPCL 


25,2 


2.67 


585.8 


1 PCL/PEQ/PCL 


16.1 


4.16 


168.5 1 
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Flg. 17 h a gnq)ittcal rqwesenlatioit ctf tlie In vitro ndease of U86 from the heparinized 
iiaiK>paiiides expmscd as % 1186 released over time m da^. Over a 33 <lay period, aixmt 85% 
of ttm maoepomoi V$6 is nOeased fwm PCL/FEG/PCL, 75% fiom F68/PCL/F68» and 50% from 
FCL/F68/PCL. 11% sasopairtictes ivmaiiied ifttact a£t^ It is 

S tiypt^Nestzed that leiaBe of tl86 from the partides i» tiNe flm 30 days was priinanly by diffusion. 
Tht ttmrnm^ U86 will be reieaoed nmt siowiy as ^ polymer depau^ F|g. 17 also shows that 
FLOA nanopaitildes iviense a greater amotmt of drag than the FCL-fcased tnblodc copolymers, 

DnuuiusltmoiMKiontatiuitg iuuK^tardcies wei« made m aecanlaflce with this Examifrie and 
inoofpc»afeed into ABA-Qipe cqpoi^n^ idc»^ltod im Tt^e 17 iaelow. Sia«e ABA-type copolymers 

1 0.. wore used in this qpectfic Mustrative <»nboditiK»it* and hax» the end segments were hydrophobic^ 
a stnnfoi^t, :qpedfica^iy !% aqoeoos FVA stdii^, w»i employed to emulstfy the medium. PCL 
homqpolymer (PCI./£X252/PCt), the expanded PCL-dioi which is compound 33 on Fig. 7, was 
als> t»6d to mali» dmmedosiMie-amtaintng nafK^particles fc»- compam^ve purposes. 

Tabte 17 i^ws the pautkiie i»ze. di^ loadti^ smd results of Mandard AFTT tern of 

1$ hejiarin^xrafitod, douum^iasoi^Hxmtaimng lite ICL/F68/PCL nancfjartidoi 

parttcsdarly small. All partides showed good anti-thrombogemc activity. 
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Table 17 



Specimen 


Dtscam^iasone 
k»dii}g (w/wj|t 


Fanicie Size 
(nm) 


Thrombin Time 
(sec.) 


PCL/PEO/PCL 


33.9 


in.5 


>200 aw. 


POUFfi^POL 


22.1 


72.2 


>200sec. 


l»CIiEX252/K:L 


28.7 


177.0 


>2Qd see. 



Ftg. 18 is a giai^ical n^ni^entalion of the % docamtthastme rdeased iVt ^tm met &me, 
m datyst for the oanoixaftk^ ^kKScHbed on 'Mile 17. WiiAin 2! (iay$» t^out of die 
incorporated ikxamethasone was released ftom PCt/F68/PCL, 65% from PGL/PEO/PCL, and 
50% from tte PCX toflw^yiner. Smalitn^paitieie su»imd lower drug leading lesolled in quieter 

10 reJcase in the itrst three days a$ demonstra&Ki by the PCt/F6S/PCL nanoparticie. Cht iht other 
band, larger partides with hights- drug loading dksnonsGrated loitger pcnods of »istaii«ed release as 
shown by the results for the PCL/PEG/PCL and PCL/PGUPCL nanoparticles. 

Hie block oppolymersi of ^ pipesent tnvimtion can also be i»ed as a matrix carHor for 
controlled rd^east of biomacromcrfecul(»(, such as albumin (BSA). Films containing 15% BSA were 

1 S made from ABA-type biodk copolymers and PCI. homopolymm by hm a»m|»essic»i n«>l<U{i|; at 
IBO*" F and I ton of fm^istre. The n^tilting films of ^ut 150 ftm tiiickitess were cut into I x 1 
cm pieces and shaken in pH 7.4 phospluto buffer at 37^* C. Hie amount of MA released in vitm 
fma the fUms was monitored by measuring absorbance at 595 nm using a BIO-EAD Protein Assay 
ivagenit (Bio^Rad Compad»y» Hef^^ies, CA). The nssuits &re :^o«m in Fig. 19 «^eh is a giai^ueai 
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n^vesentatton of ^ in rntro release of BSA txpittssed BSA released over time in days. 

Refemsg to Fig. 19, it is obvious that the nsteasc of albumin fam PCL/PEG Ciopolyiners is much 
higher tion tte n^ease ftom the PCt homopolyinar. Ttits si^ggessts that the release of high 
mvkatJaa: wt^ht pmrnSy whtdb am tyi^Iy hyiirofriUlu;, fmn a cofx^ymer maiiix is positively 
ndmed to its hydrophobictty. 

Owttact sigle meais»imiMmts, wbi*^ «o the u)tarfa(»ai tsmco between scdid polymer 
particles and mm, mstt made to assess tihe hy^oiMkity/hydriDphf^idty of seven! hydroxy- 
terminatod tnblock copolyii^ of the present isvenfios, PCUF^PCL and PCL/PBG/PCL, as a 
fimcticm of molar rat^ of hydrophc^ to hydrophllic oo^i^pcNKmts. Hie re«ihs are shown betow 
in Table 18. If the cmtact angle is snuU, the pol^^ sorfine is hydrof&ilic and vice wmt. 
Hydrc^iltetty/hydrqirfK^ieiQr nmy be an inqjottsnt panum^ in dte cdlular uptake of the formed 
mmqpartides »i practical embodiments, such as treatrmsnt or jp«waition of notofiosis and 
tmmiHuza^ with mally adminl^e^ed vaccines. In die bxitst case« the uplake of hydrophobic 
partkles, $iK;h as poiysQrn»e panicles, by t}» Pey<^'s |»&^ is gteausr than the uptake of moi« 
hy<lR^)litlk poitides^ wax^ «s HXjA particles. 
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Tabte IS 



CONTACTBATA 






Molar Ratio of F6S ($) 


Contact Angle ± Standaid Devia^cnt 

F68 


i \ 


O.dOO 


60.220 ± 0.280 


2 


10.000 


49.730 ± 1.520 


3 


33.000 


34.470 ± 1.360 


4 


40.000 


24.330 ± 1.380 


5 


50.000 


20.460 ± 1.470 


6 


58.000 


16.140 ± 1.020 


PCL/PEG/FCL 




Molar Hatio of PEG (%) 


Contact Angle ± Standard Deviation 

PEG 


1 


0.000 


60.220 ± mm 


2- ^ 


30.000 


39,200 ± I. no 


3 ! 


50.000 


30.020 ± 1.900 


4 


58.000 


18.550 ± 1.320 


5 


80.000 


10.780 ±1.900 



The foregoing dcmonstmffts that the PCL block ajpolymcfs of the pntseoi ifivcntion 
be filmed into ftanofianScto, Insfmrin can be covalorttly bound to die suflaoe to csoftfer anti^ 
coigulint activi^ to the {ia»oparticles» and proteins amt/or pq^tides can be boynd to the surface 
and seleased thercfirom. Of course, the PCL*based copotyiners of the |»esefit invention are 
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ilerivatbi^te, md can tiiwr* be tetx^bi wid) a viHi^ of yoacdw ai^ts tx ssahioc modt^m. 
In some emtxxJiments, no deficients are necessary for the formation of nanopanicles. 
FttithermcKre, Ihe txak^ait ^nrmulatimis p<»tiiit$ a fiu* widksr nmge of breakdowm duratkm times 
tiian possible with staiukrd PCL. i^eaicdown times can range from l&ss than an hc^ir to 
S mcmUis, and even as imK^ as ftree ;^a» based <m iqxKts. Stoe, for enunple, Damey, «r of., 
FCTtiliBr and Stgrility* Voi. 58, pp. 137-143 (1992); Damcy, et al.. Am. h Qt^«m. aynfiggl.. 
Vol, 160. J5>. 1292-1295 (I9»); and Ory. « Am. 1. Obsiet. Gvneeol,, Vol. 145, pp. 600- 
604 (1983). 

in addititNi to nanopar^^ks, it j^ld be mmi Hat tte mwA PCt4»sed co^ymers of 
10 die present inven^on, and methods of maldng same, are aj^licable to the manufacture of 

mtcn^Moticles, lumquatidtes, coittif^s, and btottegtad^le mcmdi^ <bitg depots <»- polymer 
matrices and/or devices, such as sutf ical sutures, cauheter tips, uhnaiy catheters, etc. 
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IIL MOiiotl of Psc Eml»aimcmsi 

The naiK^ptartide f<»iii is }»itiiGUiarly soiled ft« cadi^-^»sed local drug delivery at any 
site «4^cb can he a^essed thnnigh Ite vasc^^re, co- by c^ho' uttemndcHai sMsms. 
Ilienefoie, the fiancpuikites of the pmmt tfi\^tiOR are ecmiraiifilated foe use in ca^«»er»based 
$ deiiveiy systems, {»Atettlaidy in jiitesve»iGH»aI canimlogy applicaticms and systems and in the 
t»atnH»it of the vasoilatute. Ac6ve ^tm lor fbxac igif^badcm. tnclttde, mthmit Hmitatifm, 
dexamethasone, oor^cmtsttMs, ^xtnntxsly^ dnjigs, caldum dtaamnA bktdtets, anii-ptotdiet 
atcttos il^s, anti*proiifmtive agents, f»ich as U86, cytosiaMai inhthttors, 0HA» antt- 
inflamne^tiofies, and intmtmosuppresaffits. 

10 (i> PrsVCTtion of R«tcnoa8 

in a specific im^hod of use Bspea of tte invraition, tihe nautoj^aiticks; aie ireful fw ioca! 
ifitmvascutar admim^^raiicMi of snuxKh mtiscie inhibitois and antithrombo^emc agotts as part of 
an tntervcffiiilonai catdlac m vascular cattu^dzaticRi procxdure, such as a bailocm angioplasty. 
Due to their small me, Uie nanoparttdles nay peaetsm tte arterial wall, fm exam|^» md 

1 S freely enter eatntfeUti^ sps^. 

NanofNuttdes sa» n»de {»niculariy »ut^ie for intxavasradar use by co>inc(npo!atl«i of 
sme fxr more addtfives to ledoce diiombc^atid^ and enhamas octtaodlttUur matdx adhe^on. 
Itie additives sfwdlkaUy otmieft^^^ated tof this parp(»e indiKte ^aiet^u or i^nr&ctaiits such as 
polyvinyl atodiol, hepann« albumin, <^idffi», and various VipWs incltiding phospholipids and 

20 £it^ adcte) w a CGsnbtiia^ thineof. $uri»ce modifiousw widi die divergent, DMAB, 



jnod^ed tite Ussi mults, in terais of nation, as ^own in &e experim<»ta} results rvpotted 
herdnatlxtve (see Tables 6 and 7). Modll^g the surfac* cfiaige of the nanoparttcies, tm{»ittii£ 
mueoadhestve properties to ^ lanopaitldks, sad looHng mmqjsaitides with albumin further 
tneieiised eMcs^y, 

S Modd btoactive agoits for lht$ embodnneot ctf the inventtoit include the hydrophobic 

dnigs, U86 and dexantethascme. However, in a ^wdlle adyaiitageot» eml>odtment, cytochalasin 
B was fGHrmtila^ Into VIBA fifiioptuiides ki vsmdmstt wi^ &uunple 20 hoosibdow. 

titataMait of reaaK»» of vascular mmi^ mtisete oells, prdfened therapeutic agesits 
incltide proton kinase Inhibits, such as iaaurosp(»ln or ^ Wa^ smooth imtscie migration 

1 0 an^or contraction uihtbittHS meSk as the cjilochatasms, j^nnnmn, mi mtnc oxide-ieleasing 

compa«md$^ »ich as mtrogiyceRn, <»* ana^s or functioiudi eti^va^ts thereof. Cyu)d!aia$ins 
are bdieved to inhibit both nvigiatifm and cotttrac^ ^ vascuiar smooth muscie cells by 
intfsracting with actin. Spedfical}y» the cytodudasins inhibit the polynM»izatk»i of monomenc 
G-actm to poiymeric F~au:dn» whic^» In ttsn» iftfubiibi the nugmtian and contract of vascular 

t S smo(^ mwsdto cells 1^ iiaybitittg edS 6mctu»is Rsqulring cytoplasmk; mkrolilainents. Tht 
c^todt^bunns include miM mcaabc^tes ocbibitli)^ an lnhS»itGrf ejfleet on taxgitt ediular 
m«tah(^SRi, HKilud^ peemil^ of eo^adton or nd^a^ of vascular smoodi musdie cell$> 
Cyto(^»tstiiws ai« typically derived fam i^Nenylalaidne, ^yi^ophan, or leudlne and are described 
tnon» paiticttlarty in Intefiatiooal applicattoit WO WISW pebll^ on August 4» 1994; WO 

20 94/07529 published on April 14, 1994; and Jf^ismese Patent Nos 12 01,925; 72 14,219; 72 



0S«533; 72 23.394; 72 01924; ami 72 04« 164. The text of tius cited publications is 
iiicwpoHmted and mdisled hemn by refo^ee. Btimfi^ mokcules tnciude eytochalasin A-H 
and S-$; chaetoglobosin A-G, l» and K; deoxa|tanin, |m>xipliomti), {nou^homis, zygosporin 
VhG, aspoe^taiasin B-D ami ^ iike, as wdti as Atncttonal equiv^ts and derivatives. 

5 CytodNalai^ B is used in this example as a niodd. and |»«i«ned, compbtind. 

While the present example directly applies cytochalasin^bound nan<^»arddes k» ^^scular 
tissue, it is to be umiitfstcxjd that the invnttion deaif y confeinplat^ die surf^ modtj^^tion of 
the naiMfKBtid^i so as to iiH^ude bindinjg; pro^ns/pi^iides, stK:h as vascular stnoodt muscle cell 
Mft^fig protdns, to tai^g^ tint nam^iaittcles. Vascular imiooth muscle binding protdns include 

10. antibodies ie,g*t ntonoctcmal and polyclonal ^inity<|»m^«d antibodies, F(i^%, Fab% Fab, and 
Fv ^ragmente and/or osm^SgaaenitaTy detemttning legions (CDS) of ant%odt(» or fiinc^onai 
equi^ents thereof; grpwih faci^« cyUtidnes, and polypqitide faomiooesi and the lii!»; and 
Ruu»m»die(»de$ noogmiss^ extracdIMar matrix mxpixm, such as tnt^n and fibroitectin 
foceptors. In additttm, btnd»)g pt^Hides for taj^eting &vt nanopnictes would include binding 

1 5 pqpttdes fen- htterodBular stRMna md nuorin located beiween and aanot^ vascular smoo^ muscle 
oelis. These peptides are associated vMi ^itopes on collagen, exttiffiellular glyoc^teins, such 
as lenasmn m^cttlum aiuS elas^c fibers mi odio- intt»»^ular n»ttrix matenais. 

150 mg PLGA was dissolved in 5 ml methylene chloride and 15 rag cytochalasin B 
20 (Sigma Ctenucal Co.. St. Xjouis, MO) was di^sed in the polymcar soludon. Acetone (about 4 
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ml) was aditod droi>*wise» with sUm»g, until a clear sciiuti<m, or organic phase, was formed. 
The organic phase was emulsified in 20 ml 2 J% PVA solutiori with sonication to form m mh 
m*water emiilsicm* The di-terii^Mter emutsiwi was stirmi lor 16 hours m a magnetic stir plate 
10 evapoiate the organic soiveists. The resuling nanipirtid^ were levered by 
ultmctmifQi^on^ washed iintit ftet Uom m-mtnpped <^«oc&alastn B and lyophitiied M 4S 
hours. A typical yield for this proceduie is about 60%. The nanopaiticles have about 7.08% 
w/w drug IdadiRg and an average partide sbse of 145^4 :l: 44 J nm. 

In Older to equate cellular uptakes of cytochalasiu B-lraded {lanopanides^ a fluomscent 
dye^ coumarin-6, was incorpoiated into the nwoparticle formuiaiicHi of Example 20 
Specifically* approximateiy 0/1% by weighi coumariii'6 dissolved into the organic phase 
prior to emulsiftcation. The uptake of cytochaiasJn^B mi subsequent r«sention by B0S4 pfimate 
smooth muscle cells (passage #25) in tissue culture. The target cells were plated out in 100 mm 
plates for 24 hours prior to use at 2*5 x 10^ cells/piate (z confluent monolayer for the culture 
cell). The taig^ cells weie exposed to S ml/ptate cytochalasin B-containing nanopaitieles made 
In aixxiidance wiOi this examine (10 fig/ml in complete media) fm one hour at 37'' C« Then, 
the monolayer wis washed two times with 10 ml complete media, and re^supplied with 10 ml 
comj^ete media* 

Tlw; <»Us w<^ harvested by tfypsin/E0TA cell removal, with low ^)ced centrifugation. 
The celt pellet was ivsuspended in PBS/2% new bom calf serum/0>OS% sodium azide. The 
uptake of nanoparticles into the cells was quantified by two methods: by direct measurement of 



liuofesceRce by Ikyw cytoimty by fiuorescent ^)eGtro}4MMomeiric ineasittefm»t of tiie 
CKtmA of couinarm'-6 from the cells with ethyl acetate. 7h& nmlts 9te given bdow in Table 
19. Ttm *(y was imv^ ttow, meastifements weare made after 2 hours mi 24 Nwrs of 
incubati(^ at 37'' C. Hie Umx&cmot <toa was collected in log scale md conveited to linear 
S via control saroiiUs. The linear vali»s are iqioiled FE value {fltiors intensity). 

Table 19 



1 CelluJar H«oiesca»sce (flow cytometfy) 


Coumarin in Extracts 


Time Post^ 
(hrs) 


Fluor^ciencee 
Fl 


% itetentum 


CcKHi»arin-6 
(ng) 


% sustention 




871 


100 


IM 


m 


2 


255 


29 


0.56 


34 


24 


145 


16 


03 


IS 



Rdease of cytochakstn^B ms evaluated in vUro over a 30 day period in a double 
dIHitsicm chamber in aeccnlaiKie witt the techniqtM desoibed hemn^ Lt, , S mg nwqpaiticles 

IS per mH |*ysioli^icai phosj^ale bulffisr ipVL 7.4, 0J54 mM) «t 37" C- The nssuU are shown in 
Fig. 20 is a gnif^ie fei»ese»tatkm of the £9 release of cytodl»lasin-B over tiime (in 
days) ocpiessed as the percait of total cytochalasin-B released into the buffer from nanoparticles 
of Hie Qrpe i!«ide bi Exanq^ !K1. A saii^le c^iamopsuti^ ccMOi^n^ tiie fiumtessoestt dye 
Couroarin*^ was also tested in vitiv to asceituo whether dm dye a^ected release of the active 

20 ;i^^t ftom lite nant^utides. 
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Jht dKmpmticaUy effective anMMmt of nanqpaniclMS wilt <lb^>e»d on severa! factors, 
indiuiiAg tiie binding aflBity of j»y vascular smooth nmcU» iiindtsg T^outi associated with the 
fu»o{xsytticies, ^ mmifiiesic ptoentre xg^kd dtmi^ lnfuskm» tiMs dn» met vMch Ae 
then^ieutic agent is a^ted and tm^ «t the vascui^ site, the tamt of ^ th^apm^c af ent 

5 eni|>k»yed, tiie rate of n^ase tiie l3i»:^)atl^ a^t fam die f»iK)|»r^}es, l^ nature of the 
vascular trauma and thenqpy ^esxndi and the intt»oeiitdar and/or intracellular loc^zati(»} of ttm 
nancfmrticles. For itttnn>ia(»iiar administntitMi^ tlHS marafiartktes sure «tsp«nded In a 8us|)ending 
maitum smisMt for upctkm. i»efefiil>ly in a eolKaitraticm of 0. 1 fng/ml w ^ to 300 mg/ml» 
and preiienMy in the mnge of 5 to 30 n^nU. Hiis ccmcentration of nanopardcles is in excess of 

10> the therapeutically required amc^ and ts sttil *fluid* for injedikm. For cytochaiaan. a lO** M 
to 10**' M coocofttratitm at ^ ste of adffianiimatitm in a hiood vessel 1$ pnieried. 

In a preforced embodimasit of the inv«iti<m. the nam^^artictes formed by the mddiods 
desoribed h|sreina6ow can be n^toi^iy ta^ si^sctively injected into a tat^et zone v^th a custom 
angiof^y c^h(^ devdoped for tilts purpose sinos biood iSow mm be intem^ed during the 

1 § injectMMi {nocess. Several o^ttHn aidie^ars whidi would be iwittti^ fat Uie purpose art 
cunentiy in the in^sst^tmnal :^e. Tbese are the W<^insky catheter (C.R. Bard, Inc., 
BtHenca, MA), tite Dtsfntch ci^i^er (Sct-Med, Mimneapdis, MN>, and the Cordis Arusrial 
lnfo»oti cal^M^ (C<mii$ Onpoia^cm, Miami Lakes, FL)* VS Pai^t No. 4,S24t436 describes 
a catitacsr vMdb has the a^iity to fom a blood-firee diamba- witiiin ^ ani»y inio niH^lch fluid, 

20 such as a sdution of hqpa«tn* em be deiivoed under premue. US Patent No. 5 ,049, 132 



describes yet another catheter adsqftted for delivery of a Itgaid therapeutic agent. Of course, 
cottvoitimial cati^ters can be o0)«rwise inodiiled by a perscm cKf <»difuuy s^l in the art to 
dlschatige Hie novel drug delivery system to an aiterial (or other oigan) waJl. Further, mfiision 
needtes, <»r any other n^aos of injectifig naiw^pai^stei S|)edilcaliy wtthtn the contempU^on 

$ {tf titte tnventkMti. 

In a n»thod of me, ^ iianopai^ies mt mjecied imdbr jHemne. Ili«um»tively 2 to 10 
atm* witti 3-6 being pi«fened, to tlw waO of ttie vessel preceding, during, or subsequent to the 
damaging intaveotitm, such as ai^oft^. In a pnsferred csi^iment, the nanofiarticles 
Indtide heparin whk^ cmtfers anfilibmmbogentc properties in addition to irihibiting smooth 

to musde odl pralifera^. In additto^^ mT6K» modificatton witih tiie detergent DMAS fwodiKses 
exceitent results with rtspoA to n^e^ticm as ^ «{b {tf i^ministrai^on. The nanoparticles adhere 
to the intramural ttsswe and :dowiy degntde to release dien^mitic i^nt which may be sfmxMh 
muscle Ifihibttors, mciuding agents that modulate intiaceliuiar Ca*^ and Ca*^ binding proteins, 
recqptor biockers for contiactlle agonists, inhibitors of the sodium/hydrogen antiponer, prcnease 

1 5 sdut»t(»rs« ni&ovasodil8tixrs, phospitodtesieme »di9»u»s, pheoothiazines, growth factor 

msepm aiititgontsts, ami-imtottc agents, tmmtmositiqinnstve ^lents, anttsense oUgontM^leotides, 
and prtMf^ kinase ii^Stes. 

In Ui advantages tae&md isgmt, indMctng m qscm^ itvack to d» ymnA mil a 
hypestoi^ solution prior to, or contemporaneously wift, nanopar^ administration further 

20 enhancfss dmg mtxy and lexQSK^Itilar naMx p(»<$niifiNB. 
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Altfiough disclosed in ttanis of jpttwantion of resteiMxns fdlotving angtof^bsty, the 
method of the present Invoition can be q)pl»d to any ballocm cMht^ {mxxtdttre foe Sfxh 
eomiitiofis as cc»oii8iy artery disease, benign pmstatic h^pertnyphy, nialtgnant disonters of 
varKHi» lames smMAt to fiUntlar acosss, occl^sk^ m pmj^^eni m car^ v:asculatere, 
dealing and n»^ting prastatic and other intrusions in the unsthra, opening Mlopian tubes, and 
dilating esophageal ittiicttures. Ti«Rte injury and resuitiag ]»n^iiS»«^ of smootti mtisde cetts is 
o^ a ccminbti^g helbot to eomplia^&om fnm iSmt pmoe^ms. Thus, ti^e treatment of 
oondttions whtsrein tlie taxpA lSmit or cell pK^HiU^on is aocesaabte by local adniiniimation , 
as by cathetH^, In^tsi^ needie, surgical intmentton, or the like , is witidii itie contemplation of 
tiie invention. 

Speaflcalty induiHsd is the treattmnt of earner lit^di anticwaar tgea'^ im^Kporatcd into 
nan(^»iticies made in accordance wift ttw {»es(»it tnv«it«Mi. Of course, the anti-<su«:er>'Ia^n 
nanoparticies can be surface nradtfied to target and/or enhance retention at the site. Antt-cancer 
a^ts inciyde« but am iKtt linuted to» aU^lating a^ts, sudd as mechtote^tanufK^ 
cyciof»ho^phamide, ifos^aniide, mq^an, (^^»an^mdi, hexa^hyimdanumt, lhioie|ia, 
bmal^r cmtaai&Btt tcnmstiA, kKnustinet snmH^ne^ saqptaasodn, dacaxbaadaMs; antinwtaboiiUK, 
such as nidh(Mre»ae, Homooracit, Hoxundine, cytaxa^ine, mercapiopuriae, thiogitanine, 
pentostatin; natural prodom, such as aikaloids , viittMastiae m vinoiiOiiie), tosiins (e.^. , 
etqposideor tenipoi^e). antibiotics {e.g., such as dactinomycin, daunorubii^, bleomycin, 
plieaniyein, mitoiny^), and em^m^, i€,g, » L-aspaiaginase); Nc^o^cal response modifiers. 
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mk as int0feroR>a; honiKmes and wtagonii^t as adrmocortoooids ie,g.^ 

homioiie anaiogs; misceSaneotts agents, ssch a$ ei^lastito, mitoxanmrne, hydioxytima, 
procaitiaxme or adrmocoitiial sapptmmu ie,g,^ mitotane or aminofluteihintide). 
(2) Sustained ReleiBe of Protein/Peptlde Vaccine for ImmuriiaitiQn 
In this emiwdim(»)t. the nanoparticles can be orally adnunlstered in an enteric a^Xt to 
be ddtyercd u» Hm |^5ln»iRtei»ina]i tract whidb will result in result in tt|»alce i»y the intestinal 
tmasssA and the PiQr&'s i»tdlt. This osibodinumt is useful for immumzai^on with 
tp«otdn/pe|>iide based vaocif»«, Xm rnt be ttJafiied to ddiver gene ttus^y lo Uie Peyer's l^l£h 
tymi^tud I3$sii». 

C(»na»ti<s|HM t^thods of imntunization generally jrequire mnltipte injections at certain 
time in«a^$ to achie:\« the ctesired piotecti\« immune response. Thtt$« multiple contacts with 
health ism .personnel are neeessary. This » associaied with a high "dn^ out* rate and a bK^ 
of co!»-effectiveness» particularly in develqmig countries, it would be i^vantageous to proviite 
an oiaBy admlniiftaed single dose vaccine tmmumzatlon sys&»n wlUdt conti^s Iwih an 
adequate j^ming dose as well as i^ed booster dose(s). In addition to i»cunng compliance 
with iSat doiiUig scliedttle» vssAi a dosage fonn would he less ooi^y» and hence, mote 
competidve. Cost would Ut&«sc be redwaed for oral dosage forms which do not require 
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Tlie irajftaimed release of «i%erts htm nam^nitides, and its $til>sequent processing by 
t}Mi macrcqphage and pxesentaisoa to the immune system, results in an immune rasponse. A 
sin^ dose imd yf9cdt» wastg caQM^k^iMRMected nanqpaiitctes ^ die nuule tn axofdance 
wi^ the pascRt inveatioii has been shown to adueve an imimine leainmse compaiable to that of 

$ ^ ixmi^titmai im^bod of sttfK^^^ llie (»|»sitle 

is <k^gf»d to protect the nami|»iticks and mcaqpaatiaied antigesi fmn fastrtc enzymes and 
addle pH, and to fdeaie the enclosed ant^ loaded nanopartides in a hum In flie Ueum for 
cental ajnate by the gut-associa&od lyi^^ihcad tissue (and »^sequent ddt^n»y to the mest»)tenc 
}ya^ nofbst) in In induce an iflnmime le^xmse. 

10 The capntle may comprise a protective time-release capsule of the type known in the 

pri^ an, and pttfmiAy u an osnw^kally ocntnated, t^nM^•r^tease ca^Ie of die type disck>s«i 
in USPN 5,229,895 issued on July 20, 1993, the disclosure of which is incorporated herein by 
mfmsaae^, Howewer, any capsuie coated wtdi enteric pol;^mors can be used for die purpose. 
Such enteric polymers include cellulose acetaie i^thalate, slusUac, Budnagit (sold by Rohm 

1 $ l^aiman^kal, Wadc^ptna, PA), ete. 0m bypass the ack£b pH of dw stc^iadi and dissolve in 
the inte:^ne. Ttie time of lekaae of the capsule oonttmts depends upon the number of poiymer 
coats and atiuduie; as is Iraown in lAte art. 

In the patticukr embodiment <k$ciibed hensm, dte nanqniticles am contained in a 
PORT* ^Slem o^mite (I^SRL, Ami Acbor» MI) whtdi is an oral dr^ d^lvery system designed 

20 U> bypass the stomach and release a dose of drug to the ^^^intestina! tra^l at specific times. 



W09«AZ96»S 



I»CT/US96/«047« 



The iesign of the FORT* system Is based on ccm^Ung &e flux of witter into a gektiR eapsute 
via a poiymer film coating which t^ulaies water flux into the capsule. As the capsule travels 
down the gastroifitestina! tiact, pmmm btdlds inside the capsule from the mlRm of water and 
fme& the contenu <Hit in a |»ilse. influx of wa^ is legulaied by vaeym$ the thickness of 

S the pdymer fitm coating on a gelatin oq^suie wm. Tfm oosuings used in this partiealar 

erobodinient wete eelluiose aet^te which regulates vm^ flux into the capsuie s«td ceiluiose 
tKdai» ii^thahte whtdi itststs sti»nai^ wM* but (Sboolves at utiesisna] pH« As fiie amount of 
coating i^lied to caiKsule is incie^id, the permeabtltty and water flm decreases. The decrease 
in wa^ iittx decreases ^ rate of piessore bultd^up wifiiin &e capsule, thereby prolonging tiie 

10 time of the pulse. The titnes can iUustrativi^y range fmm 4 to 9 hours for film coatings 
of4 lo n«. 

in addititm to containment in a controlied-reiease capsuie, the nanoparticles can be 
adapted to have staged, ^mna^le bfead«lown p^ods to achieve Riming and booj^r dose^. 
Formaiaticm of a biode^giad^te poiymeric non*antig^-o(»itaining sealing coat($) which delays 
1 S bydn^ysis of tl«e Inodegtadable pdymer, and stirl^ modtficaticm as <lescrlbed herein, are 
several of the teciuiiques wJiuch may be used to vary Uie bre^tedown met. 

Aithoiigh the foHowihig eioumple is direded to the use of naipparticlei fw the dbiivery of 
tetanus^toxoid vaccine as the model protein*t»sed vaccine, it is to be undersmd that ti^ sy^m 
may be useful 1^ d^v«sy of other yacdna>, or 60fi^}iat6ons of ^^tcdnes« t» adtleve long-usm 
20 protective immuius re^nses ag^nst any vaccine^jp»«yentsU>le disease. Illustrative examples are 
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t»cteruii vaccines sach as usmm, dioiara toxin, iiq»iitt$ % aceiluiar pertussis, Staphylocxiccus 
eimmndn B» ptmmooooGm^ Stafliytococetts and StxeiMocooocis antlge^s^ and o^m, indttding 
combined dti)hthena, jpertussis, and tetanus (DFT); E. Coli (enteropathogenic); and vital 
VMX^ pttOi^ a$ all AIDS »itig««s, vmi fmMa$ (e,g, ^ Inflaenza vinis pnoftdns, 

5 adenov^s, mi oOim); Uve vints in mtcnxa^sulei (e.g. , attenuated poliovints), Bqpatitis viral 
oompoiKints* Rotavin^ cmnj>e»wnt^^^ 

Orally admintstenid omtiolled fdease nan^rar^les can induce a sescmmy immune 
ttspmm (!gA) m adidStion m a sy$ti»aije immune response (IgG). This wauM he iratlkulaily 
meM Isr the prevemion of nsspii^ry, vagtMi, and gut-associated mucosai inf6cti(»t$ disxsam, 

10 £«imrig2l,; 

Tetanus'toxoid Q>mvtd6d by Serum Institute, Fune, India ) was loaded inu> PLOA in 
the wal»^'}nto!^^>wat^ irniuibHUcatton technique of Example 10 horeiiabove. Tbc tedini^ue 
produced a 57% entrapment efficitsncy with 12% anUgoi loading. Particle size distribution 
studies feveaied a uniform particle distrllnitiofi with a mean paitit^ diamet»> of t54.3 7 ^.7 
IB nm. The in vim fdmc tm of tetanus toxoid £rom the FLOA nanoputieloi into a phcK^hate 
bttUbxsd saline at 37* C a|ipmxima^ ^ order Mn^($. 

More particttlaiiy, tetanus toxoid and a viscosity eni»ncer» Pluionic F-12S (BASF, 
FSMTsippatty, HI), are dissc^yed tn water. FLGA (S^:50, molectilar weight 90,000, inherent 
inscxmQF, LO?; Birmingham Folymeis, Inc, Btimingham, AlaiKima) is dissoived in methylene 
20 dil0iide (3% w/v>. Itte t(^!» toxoid solution and the FIXIA solutioiui are son^^ 
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wat«r>in«c»} pritrnfy emulte. The pimaiy opruI^ih) Is ihen emulsifted into an aqvams 
section of PVA (2.5* w/v) to fmo a wattar-in-dl-in-iwaftr enniisidn. The otguiic solvent is 
then evapcuatpd, ^ nascqpaitieles aie lecowered by uUnoentrifugstion, washed thite fsmes mth 
we0er» itsuspenHtodl is water aad Jyofluiixed. 
Emml^ 22; 

^lftn(pttticl6s tncc»}t(H»tti)£ BSA and QM% Ehodamtne dye wov adlmmtsusned to a 
group of rate (raalc, Sprague-Uawiey, 230-250 mg) in order to detect their presence in the 
Intestnol mueosa and Ve>f&*s patch iynfj^Ktid tissue. The nam^xar^cles used in this miy had a 
paniele size of 150 ? 4S.5 nm. Fluopescent mkvosoopy revealed significant uptalce of tite 
nasopaiiictes in the l^yer^s Patch lymphs tnuwe. 

B?^aroi?llc 23: 

The use of the nanopaitieles of the present invention as a drug deltyery device for 
vaodnes has been denKHistrated by studies in rats. Tetanus Toxoki loaded nanoparticies (15 IJ) 
were prepared asd »d3K»ttaneouisdy ii^e^ in lats. The imniURe naioiRse, as meai»nttd by IgG, 
jug/ml, was cofflpaied to liw hnroune rn^ponse in to which ccmvenUcmsJ Alum^Tx^us 
Toxoid omjttgtfe (Fastei»'<'Meneax tfmwgh US Sitpf^er, C<»uuutght tabocaiorws, Inc., 
Swiftwater, PA; 5 had beat subcutameoui^y adminxsteied. The re«ilts aie shown on Fig. 21 
wlwsh is a graphic npresc»)&d^ of tim immm in^onse, as mea»»e by IgG, |ig/m!, at 21 
days po^4ntmunizati(m and 30 days pos^-immiinization. 
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The iiRmune mpomt in ite short-term was virteaily identical. The n3iio|»aiticles 
ccmtmue to rdease Tetanus Toxcnd Ibr 30 days, thus |nokH»gii% the sensittzatioii^posuie 
period and caAoadag ^ long tens immuiMS mpmst, Fttrdier, the f^Its demonstrated th^ 
the immtmogerndty of T<±uttis tcnoid is not adv»»dy alBSeeted by the nattO{ia;iick» iormslatton 

$ {HWedUITK* 

As demonstntted above, the nano!»artkles <^ dte present inveittioo can be adi^sted for 
<mi admifilstratkm* 9S mil tntavascidar or ssAteotsneous ^ministratioi}, for sustained 
releaae of dr^gs or vacdnes or used as an imimswkistcai adjuvant for immunlzatiQn. Vaocbie$» 
as well as gene therapy for the pantessifal lymphoid system^ can be omlly administered. 
10 In additkm to the fov^olng. mtnofiartl^ 

via the lyikmring routes: Intsaniuscular, subcutaneous, oral, nasai, mtraperitoneal» lectal, and 
vaginal. 

The i»nc^pai^»h» can he used to deliver goie^ aaiefbii m a taxgeied 9uum«r. In 
IS a|f|>Ucation» the ffiUMqaitieU^ out be loimulated for admtntstmtton via the oral route cxr the 
immm metsSamtt^ The mneptuta^ aie oqx^ of «mai3ie^ 
pajticuiarly to the lymphoid system surrounding the iieum as described heretnabove. 

Ifowever, mmopaile^ ona^itrntg gemk material am also be <levfsed and targeted fat 
site~^>edfic delivery to othor tst^h or tissue types by injection and/or impliuitadon. Also 
20 aped^ailly ooni»np^»ed ate genc^ n»seriai mviMt fca* Ihe DNA auMti'^saise titsatmtaat of 
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caidiovasoilar disease, inclu^fig plate{^*<ie!lved gnmrth fa^, transteiing giowth fysum, 

and bcita, ilbrc^last gfowlh £»ctors (addic «nd ham), m^cfteam hqsann-biiidti^ 
q)i(tefmal jgmwth lsK:tf}f-^ mdecules, Intaladan-l, aipha and bm, InterieukM, insalm^ 
like growth tums^ oncogenes ic-myb, c^myo, a&d others)* prolifeattiig eel! nucksar 

S ^tigai. cd! «!ke»on mdectites (iniiao^ular a^OMsslon moiecaiks* li^sc^ilar eel) adheaoo 
iiK^toctttes, and others), and i^a^ei; surface aittii^s (Xlh /ma. and <rthets). 

in anodier iiiustnitiK^ entbodlmeRt, the nwc^jooticles of ^ pttsm inventicRt may be 
vm& M iewaa fox t1u» 
fuoM^parttcies Mve the etptbSity of tnuisiMt^ mckk acids tm hem edis and d$sui» for 

10 jprcmioting horn growth ai^ a^taexs^uHu In «me i^peci^k: esnbodinroit, an osleotn^c gem; (»r 
gene segmoit is transfmtd into hone progeniior cdis to sdmui^ progenitor celts and promote 
increased hoot ibnnation. The BKA^-canying lonoiMattcies may be injected to the site, which 
R»y be btme m s^et^ ocRmective ttssues, me^ as lendons, cautilage^ and ligamoits. Speciik 
exami^ indtide bone mi^iritofaniic proteins (BMP2 and 4 and mhers), m«sforantng growU) 

15 iietor» sndh as tuMvm, pho^oproteins, osteonectin, ostecfcmtint bone j»ak3firotetn, 

otieoeaicin ai^ tudm vitamin-k dqx»HtoK paftaxti^ glyCii^rotdns, m aggreeati, glycan, 
and e&mtf and cdlagen (X, U, and crthers). Further a^peeiiic examples are d escr ib e d in oo» 
pending US patent i^Ucatitm numbm 08/199,780 lUed on February IS, 1994 md O8/316.6S0 
fUed on St^ismbet 30, }994« assigned to the assignee i^reof , the disclosuies of which are 

20 incorponited by i«S»et^ h«ein. 
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Regulatory factors involved in ttmt rtspat known to include systemic hormones, 
cyttxkte» pow&i he^^ sand otlwr mole^to^ ^ fcfulu^ growth and diffi^nt^b^. Vaiious 
osteoinductive agents have beoi purified and shown to be polypqittde growth^^factor-lite 
nK^e^ks* l%«se s^mttiainry are 

5 {mttems (BMPs), and have also been termed osteogenic bone induci^ve prcrtelns or ostepgtstic 
pro^s (01^). Se'Maeal BMP geiHs have now been doi»d and fttc wmmoa desipations mrt 
BMP-I through BMP-8. 

BMPs 2-S are gmesa&y Uiouf ht ta be <sietqgraic, aliboi^h BMP*1 Is a mtm g«Miafized 
morphogen (Shimell, et <s/., 1991). BMP'3 is also called osteogenin (Luyten, et al, 1989) and 

1 0 BMP-7 is also called OP-I (OaJnynak, & al, , 1990). JMH aie leteted to, or part of « die 
transforming growth fector-jS (TGF-iS) supcrfemily. and both and TGF-#2 also 

R;gitlai» osteoblast fimctie^ (Statz, et al., 1992. Several BMP {cnr OP) nuclecMi<ki: seqwmces 
and polypeptides have been described in US Patents, e,g., 4,795,804; 4,877,864: 4.968.590; 
5,108,753; including ^fically BMP-l diseased in 5,108,922; BMP-2A in 5,166,058 and 

1 S 5403,649; BKfP-2B in 5,013, 649; BMP«3 in 5,1 16,738; BMP-5 in 5,106,748; BMP-6 in 

5,187,076; KMP-7 in 5,108.753, and 5,141,905; and OP-l. COP-5 and eOP-7 In 5,011,^1. 
In «ldleion, an utide by Woo^y, & <t/. is incoip(»i^ hotin by fefeience to describe BMP 
fitdbcttlar clones and their activities. The dted litmture, tnduding the patent literature 
speciMIy, also teactes how to prepare an osteotropic gene segment m €mh. 
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Other growth fBctors or htmrnmei that have been reported to have capacity to sttmuiate 
new ixxie formatioa inciude acidic fibrolilaift gfowth £Bctor» estrogen* macroi^iage colony 
stimulatisg factor* and caktum n^olatory agents such m parathyroid hormime. Ti» use of 
bone «timttlattng proteins and |iOiype|}tides« particulariy racon^lM BMPs, has also been 
5 investiga^. 

In the instant invention, ntideic ac^ st^n^nts am tnnsfisnvd into bone prqgenitm* cells 

or tissues at the site in vim. The nucleic acid segment niay be DNA (double or single-sttanded) 
or RNA (e,g. , mRNA, tRHA, rRNA); it may be a "coding K^ment*. and antisoise niiddc add 
molecule. Tlius, the nucleic add segments may be goiomic sequences, inciuding exons and 

10' intions alone or together* or coding cDNA xegioitt. <v in £Kt any conittni^ 

transfer to a bone progenitor cell and virtually any foim, such as naked DNA or RNA. 
including linear niidtek a^ motocntes and pb^mkis* otassk ftmetionai Insm within the 
genomes of various recombiuant viruses, including viruses with DMA genomes and retrovimses. 
The invention ma^ be tmfkoyei to pnimole express of a doared gene in bone cells or 

15 tissues and to impart a particular desired phenotype to the cells. This expres^on could be 

increased oqnession of a gene that is normally expressed , m it eoitid be i»ed to expness a gene 
titat is not normally associated with bone pro^itor cdls in their natural environment. 
Altemal^y, die invmtkm may be used to »^[q|»ess the «ic{»es»m of a gate that is naturally 
expressed in such cells and tissues, and again, to change or alter the ph^type. Gene 
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sti|^tesst<m may be a way of cKprmiag a g<me tim aicodes a pman Ua>t txtm a (town- 
regttiatic«y lunetioii» or tt may utilize antisense lechm^Qgy. 

An os^tnqpic a a gene or DMA coding Jtagkm tibat encodes a proti^, poiypefitidle, 
m pq^de that is Q$pMti <tf ptoiao^, or assb^ix^ m tte pnmK^Km bmt foarntatioR, or one 
tiwit increase the rate of pricsary bone growth or healing. In atiditioa, an osteotpopic gene may 
be ci^ie of saxmuiatiiig (he gio«vth r^^saeratkn 

teitd(»k, cartilage, and ligament. Bone progenitor celis mto to any or all of those cells that 
have oafM^ty to uitte^y form, or contribtile to the format^ new bone tb«te. Thqr 
speditcaliy include various cells in different stages of dllOferentiation, such as stem cell, 
itiaatspha(^» £K»t<alrfa:Rs, vasei^ ce^, cKMsoblu^ iiiaiaiaMxs&, CB«e o claas, and the like. 
Ds^tiopic genes and the prcKeins that they encode include, for example, systemic hcmncmes, 
such as paraAyrmS homuane CPTH) and estrc^; many different growth faeum mi cyyMxm; 
chemotactic or adhesive peptides or polypeptides; molecules such as activin (US JPatent No. 
S,2(^,ai9» mcorpoiated hemn by letetce), specific bone m(»phogi»)eae pfoims (BMPs); 
and gxo«^ fvsstx fecqptor genes, 

WxMmgies of srataybie etteiMrojpHte frowtib fueum tndttde the tnn^ScHmmg ipow^ Smskh- 
CrOF) fiamly, specificaUy TOFs 1-4. and partkularly TQF-«, TGF-^l, TGF-JS2 (US Patent 
Nbs. 5,168,051; 4,8K»?47; and 4.742,033, eaeh inoorpon^ heietn by n^enssoe); and 
fibioblast giowth iu^ors (FGF), such as acidic FGF and kFOF; granulocyte/macrophage colony 
stimulaing factors (GMCSF)? «pktetii»l giowft (HIF); ftotdtet derived growth toir 
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(PDGF); ittstiitn-liice gtowth factors aCF>» induiltiig IGP4 and IGF-II; ind ieutonla tfihibitory 

hem am, also icnown as HILDA ami DIA. 

I>refenedosieotnn>k;g»ies«KiDHAsegti^ such 

as TGF-fif, TGF-j31 » TGF-/S2, and tte menders of the BMP fiunily of genes. Of course, the 
5 original scHm^e of a nicmi^>liHnt gene 0^ 

animal to be treated, to tbts n^ard, it is oo»tem]>latea tliat any lecofiOtinant FIH. TGF, or 

BMP gene may be employed, such as those ftom human, motise, and bovine sources. Gene and 

DNA segment lefier to a DNAmolectiie that has been is(Haied£ne of total go 

species fttm which it was obtained. Included within the tern DNA segment ate DHA segmoits 
10 and smaller fiagments of sut^ segments, and also lecombtnant vectors, including for exam|^, 

plasmtds, cosmids, phage, retrovinises, adenowi»e$, and the like. 

Hms nam^iartii;^ of the {»esmt inv«itiim may ctmpnst one or more ime«^sc^ gme& 

or niKsfetc acid segments, in comlnnation, or in combination with other f^roteins, pqHides, or 

phan n aceii t i c aliy attive i^j^caits, and/or saxfaot n»idif^ agentt. 
IS Examplft 24; 

Is a ^edSc embodiment iliustrating use of nanopeitides of Ihe {sesent invention for 

d^veiy of 0NA, or DHA fragments, ludforase maricer 0NA was incorporated into PLGA 

n»x>f)artic^ in wcaxt^sam wi A &e {mod^ of fte kwntkm. 

COS cells (mouse kidney epithelium) were transfected in vitm using the pOL2 piasmid 
20 exfiresston vectc»^ which encodes Ittdfmase. A standard tiamfoctioo inotoco! was used. In 
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hmi, COS cells |>la.ted the day before wefe exposed to DNA (luciferase, PmtiK^, Los 
An£dle$» CA) fix- 2S hom^ tn a mataxd ceSi atffiiie medittm, whic^ medium ladced serum. 
The cells vmt waslied and theo citlfttnad in a medium uMlth 10% sentm stii^ioneiitattcm for 60 
addKtkmal hams. 

S In ait expenmont 4mg!aed to evaiuafe joi^aiaed fdease of DNA, 20 mg of piasmid 

DNA was complexed with DBAE*<taran and compued to DNA endosdd In FLGA 
nanoparttcies a conoeatratkm of &&m 10 Mg/ml cnr 20 jt^ml. 

Ill 0t6er to msA» mwopa rt fe i es, HjQA (90 mg) was dlnoived fai 3 ml d}lon^E»m. 
Nucksase-iree BSA (30 mg) and DNA (2 w»e dissolved in 300 ^di nuclease*^ Tiis - 

10 ESyfA whicli is Tris Imf^ (llris(liydNnymediyI>amln(mi^»m;^ !0 mM, pH 7,4} omluniiig 

0.1 mM EDTA. Tlw DNA«ccml3inis^ sdtttion nvas emulsified with the FLOA polymer solutton 
by s«ii^tion mtf m ice Ikm^ for 8 nnnutes Wnng a imm^p pvolie sci«»cau»r 55 Watts of 
enetgy oulput. Tim resulting wattr-in-oil onulsion ms fwrther emulsified into 2S ml of 2% 
w/v FVA (M Wt SO^'TD 10 soitrtion b Tns-EDTA sttinated mth chknroform using the 

1 S jsofiicaK»r pmlie at 55 Walts. Hie tesuM was a waier^in-otl'water emulsion. The wa!er4n-<»l- 
water camU^Min was s^xned fcx 18 hiMta witb a mi^ae& sidner 1^ mi opcm ocmtaiiHa', and ttaesn 
for 2 add^tiCHiai hottfs under VKtnmi to tsamfieuAy eKi^pcmate the oipnic solvent 
Kanqpar^les. Oitts fmraed, wot leoovered by nUsusenttilK^Ea^* waalwd ttoee times with 
Tm«£DTA i»ulif«r, and lyo|4itlized ^ 48 hours. The ies»liing sancfOttides wem 

20 <U»ated. 
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Since DNA is water-solti^Ie, it is mtX9fpcd by the enmlson procechnie and distributed 
tiuouglioat the polymer inatrix. Taisetti^ of DNA-contaiiii^g nanopaittcies can be 
9ecom0i^ as dteraribed hen^mdbove with tp^xi^^siata mitux modifying agents, sik^ as 
fenitin, anybodies which ase sped&c to target oeUs, marloer jwotetiis Sm receptors on taif et 

S cells, or the firovisioii of a c}»iaet^sttc itptd coatiiui, among othm. 

It should be noted spedficaUy, that the Tri»*£DTA buffer used In this specie 
illustnotve embodiment, has antittuclease properties whkh jirevent DHA breakdown during 
prooeasing. In addition to Tri»-EPTA» any other buffer ot oomlmntioa of buffers containing a 
cakaum cooif^ng or <^}datiiig agent, si^ as dtfiiizone, nttpolotriacetlc acid, citrates, 

10 oxalates, tartrates, and dimeicaim^, is si^ible fcKr use m ^ l»actkae of the invention. 

Calcium is a necessary co&ctor in the fneakdown of DNA with nucleases, titerefore calcium 
complexing agotts whidi eon^petiti^y rwnove calcium kms mitigatB ^;ainst the loss of DNA 
by this meduuiism. in addition to tte use of calcium compiextng buf^, oatsm probmis, such 
as hiittor«», pftMsmine or poiylysme, biiKl nuclease smd htock its damaging effect m the 

tS DNA. It Is also advantageous to conduct tte aitire n«M^niti(^ ]»odiK^m 

nucleaae-iiee environment, such as by lomg ntt^»se>fiee itagMts, as nui^ease-linee serum 
albumin Cavailibte fnm Sigm Otannical Co., St Louis, MO). 

Lud&rase activity of the nanqpartix^ was deiammei by a substrate utiUzatifm assay 
a Cf^meitaaliy avaiU^ kit (Ludlbase Assay System, Promega, Im Angdes, CA) 

20 substantially accwdlng to t^he |mm>cd su{^^ by the manufocoira^. in tMridf, cdls w»e 
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honx^emzcsd in 2 m! buiifer (50 inM Tris acetate^ pH 7.4, 1 mM EDTA, ! mM dtthlotbrettoi, 
10% glycerol, i mg/ml BSA). laiinediately thereafter, 0.5 ml of cdl culture lysis reagent 
(taiesa) was added to die homogmm, mixed wdl, and tncidntted at room temperatme for 10 
minutes. To meastne iaadcgrom^ activity (coimts per mtmms, CBI), !00 |tl of daiiiled 
5 hcHm^enate was aiikled to a dtean microce^lu£e tube and tudiferase acdvity was detemuned 
by scintiUatioa coimtitag for } numite at mum t^i^pearatuie {1219 RaeUBeta SdntOlacdm ommteTt 
to, supjpl^ thfongli WaOaee, line., Odtt^^f^, MD, all channeis open). The same 
liroeedtiie ««s used 10 meaiure badcgroii^ 

Once bftckgfound activity was defiermifted, iiomofen^ and substra^ wei« mixed and counted 
10 imnusdHffisly. Snxyme acdvity values were mnsaUzed to i ^ of to^ fKotdn. 

The results are shown gi^hically in Fig. 22 which is a plot of iucifeiase activity as 
CBWfi^ IHKAein for eadi s^iecimen. Hie ti^ anKxmt of DHA ccmtained in eadN botch of 
nanojiarticles was con»<toably less than die control comparison for this experiment. Itius, the 
group de»giiaie«l PLGA-10 xmk contained 40 ng of DNA total and tl» group designated 
1 5 PIjQA-20 DNA contaiiied 80 ng of DNA. Pordiomu3«e, the sustained release of all the 0NA 
from ^ mux)peiticl(s windd h«ves£^^ 

retease imidies oooidtKited with 1S» moM pme^, BSA. Thus, Hc^ 2.S hours exposure to the 
nanopastides oonstibnes a $eve» teft of d«e e^tcacy the mniqpirtldes n^ice only minute 
amounts of DNA were released. Nevertheless, Fig. 22 shows significant expression above 
20 ba^tgrcHindof lttdfi»aseiniiiteeof thefoinrD 
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In 1 stSI iNrttUHt lltwtfni^ye erebodiment of ttie tnventton, a method of making 
mmpax^es im beesi dewdoiied ^tMek 4oei not use soKiifkadan. It has be«i discoveted that 
son^tion tnay dsmige gofietk matena!. The das^sg effect is magsiHed with ha$& gen«s. 
Thesv^^, a teehni^ite has bem deve^pad iisti^ «n excess of ofgaolc soiveotSy such as 0MSO 
5 or dikffoform, and a decergoot to t^tm tmaipiaMm vnttmt Ums use of smuftoition. 

If! a i^pedflc illustrative embodiment, DHA (li^f«nase. 2 mg) and naclease* to BSA (30 
mg) am dissolved is ^ |il Ttis-EDTA bttflTer tti ibnn ait aqtiemis p^ase, T!» atjueous fim» is 
homof enixed into a WQA poIynuKr soluticH) dissoh^ In dtloiofonn ^ n)g FLOA in 3 ml 

10 ditosofisrm) OGMiUiwng 1% w/v Spsn-SO to £orm a vi«ia><tiM9li emulsitm. Ti» {»riniar^ 

emuision is fm&m emut^fied by honK^g«uza^ fw 30 tmnutes into a 2% w/v soiution of 
PVA in iwcl»s8se»£p» Tlis-^BDTA bttfler 1)1^^^ Thensmit 
is a muitipie emul$i«H)» m a ««ier-uH)it«in<wator emulsicm. The otganic $ol\^t is evs^rated 
aft fooffi t«n|)etachife by sdoiteg, uisamnsnsd. over a magiM^ s^ma^ pi;Me for 18 hcairs. Tim^ 

iS a vaeottm is ai^^M for an »idM<»iai 2 hounu Tte lesulting fiancfarttct^ aae leo^ 
tdtiaoeittrift^Eaiicin, nwaaM dune times wi& Tris^EDTA im&tx mi iyc^iixed. 

NanofNurtictes wfiidi include osteotropic gmes and/CH- criSxar nmtedais to stimuli bone 
growth, may be advantageotisly suspendssg is a feUing s^edium wbkk is afipiied to the site of 
fMaed, The i»mo|»xtietes, which may be tn a gelling medittm^ may tdso be in^nutitely mixed 
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wtUi anotiter mameM, i^iedfiiaUy a txme fities-) sm^ as tKme cement, deitud adNisivt», 
hyilraixyapatite, lad Ixme oexamtcs, to hold ^ nam^mttctes at the siie of apfilica^CH}. 

Although tSxa mw&on has tteas ^&scltised in lemis of biocieKradible potymeni, in 
specUk embodiiiMsat duected to titet^y to j^tita«e bone pmrth. nuiqianidk^ v^ich ao!, at 

5 least In part, iiisoitible and mm-degiadaMe are cooten^dated. Stuck naaoi>8ittcles could contain 
insotttble caidom phMj^^ oystaUme mmai c(Mi^poneni&. iot ocample^ to naider ttHsm 
osteoocHMtodive, Le., capable of iiu^taiSii$ iie«r mineral fomal^. Sod) inso^^e 
na»a|»a'6des woidd be imip^ into ^ i«Re^ $pectficaily imMsdareail 

caicitim phoj^hiffis inffiMsal ^^mtSt mMing octacaldum pho^>ha^, anKjrpko^ calctom 

10. {i^<Hphate, trk^ttm phos^^uoe, aatimxiM^tt^ a»d IIyoni|Nattes« as wdi as ceramics of alt 
of die afomnienttoned. Foitber, ca^^»mt btsphoi^omites, or oystaUioe salts or free acids 
at moRO-^ bis* or pdj^^asjAooidis, vranild be mM as fillm and tm^xoc inodtfytng agents, 
S^ergsstic combiitaiims nido& ftoic or aii^num salte of In^ho^honates, 
in j^idl^ tti ii« £t»«ti»a|^, it k to be «»d«9a»0Qd diat t^ ismc^^^ 

15 invention wQiiM find wtdes|Stwl 1^)1^^ The 
{KKpose of d«e defiwRy of bioadiwe if^mts uae^ lanfe fnm ^ar^xsitlc ta dla^iosdc (imaging 
agents), to cosmedc <»' nntiittona!. M^MjfSttrdclt&^^ased deUvery of gene thenqpiy is expiscted to 
in^nove txassfectiofi olDNA over a i»oloaged p^iod of time. 

Although the tnventitm has been described in terms of specific mdxfdtments and 

20 i^iplica&8i$, persons skUted In the art can. in light of this t»!(^g> geoeiate additional 
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a9t|}o<liinents wi^ut exceeding Uie scope m de|»jrting ifrotn tite i^irit of dlie claimed iiiventioo, 
Acco«^ingiy» it is to be imdafstood the (hiwii^ and descnptioa in this disdbstune aire 
fimftasa to faxMma conpndbensioit of the tnvemioa, and should not be construad to Unut the 
seope itocsof . 
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What is claimed Is: 

i, A sustained release dosage ibm compristnjg: 

sanopsutictes «»)ipisu% at bkxKXsptdble, Hode^nidabte p^yiner wtt fwm% an aveni^ 
dsuiwter of less than 3^ nm, the nanopaiticles having associated ot mectpomoi 
lhes«with at least omt Inoacfive i^t and/or ai least aus sun^ mo^lying t^eot. 
2« The su^atned i)dN»se dosage form of claim 1 wheR»n the averse dtameter of &c 

iiaaa!iacttcl« is in the iwge of i^otit IO&-t50 urn. 

3. The sustained telease dosage fmti of claim 1 whe^ the aveiage diameter of 
naAqaotictes is in tlw lange ahout nm. 

4. The sustained islease dosage form of daim 1 wtofdn the biocompaitible, 
btodi^iad^le poiyn«»' is a ^r^thdic polymM*. 

5. Hie ststaifUBd r^ease dosage form of claim 4 wherein the biocompatible, 
blodegnd^Ie !»}ynK»' is a syndetic pe^ymer a^»ted hxm ^ geaap omisii^ng 
pEktyesters, pdyethers, poiyanhydrides, polyailcylcyano«:iyMes, itolyacryiamldes, 
poIyCorthoessers), |wtyirt«osi^uu»nes, pca^unimi adkis, and bio^gfadj^le poiyarethanes. 

6. The snifiained dosage release fcnrm of claim 5 whe»m the btocompuable, 
l»k»de|;nidiybte polymer is a pc^^»ter select £rom the group oemsisting of polylaetides. 
polygiycolidcs, and polylactic polyglyeolic copolymers. 
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7. The sustained nkax <tosag;e fsmn of iMm 6 istriteretn d» iHoccHmfnti^le, 

biQMjqBPkdable poiyvaest is a pdyladic polyglyoolk oopslyawr. 
S. Tte lamained dcea^ xdease ftatn of claim 6 «dla«« ^ l»occMRpatible» 

bKKjte^l9iisd>k pcAymee is a pcdyK^tor sdecied fwm the j^Rmp ecmsti^«g of hydroxy- 

teniiiftt^ poly (€'ca{»n^»:to»e)>po!yetfM»' <»r iiofy^poladamM!. 

|M>IycaprolaK!inm vHik:^ i$ ^xy-derivnizad mi at^vated. 
{0. The MuaaiiMKi nteane dixai^ fimn of dasm i wherein the iHocomjpatible* 

Modegndabie polymer Is a iHtontlly-deriv^ polynMa*. 
U. Hie JWttained letease dc»ag6 form of <^aim 10 wltemn the bk>c«Hnpa!ible» 

biodegradable polymer is a mttiiraliy-denved polynter sdbe&ed from die group consisting 

of aeaaa, ehttt»an, gd^n, d(»Uiaits, afowouns, and algburfes/star^. 

12. The «tstaiMd nSease d(»B^ torn of claim I wh^m^ the tHoat^ve agent is at 
least tm phannsocs^kai a^t. 

13. The sustaiiied }eiea»» des(^^ 
ptemwacaMilkati a^Bent is a og^ivaaaiiaf i^rot 

14. The sustaified fdtoe dos^ tbrm of datm 13 vnim&n die catdtovascttlar agoit 
is aeieded ttm tt» giKn^ consisiifig of sttmtila^, Miii^tc»s» antldinmibtns, caleitim 
cbaniwl bloclaers, antitoisin conwrting enzyme (ACE) inhibitors, immittiiosui^wmnls, 
fish oil$» gfowth ^Kstor aniagomsts. cytos^BMI ii^i«s, amtinfUumns^ i^ts. 



thmnttxjilyQc agents, antipmli^sratiyiK, foietie maleHal suitable for the DNA m mti- 
seftse treatment of cat^cnasculv disease, jprottsn kinase iniabitOTS, »noo& muscle 
migmtidHi and/cr comctkH) tnlaHtors, sM nitric oxide-reteasiag compounds, 

15. Tt» »fstained fdease dosage form of daim 14 w^Hareto tN» caidiovaspuiar ag^t 
is a cytoskdetal inhibitor. 

16. The sus&iined release dosag^e ^om of diaim 15 f^Msrdln tt» cytoskel^ is 
cytochaJasin B. 

17. Itue stt^ttained idcase d<mge toi of daim 12 ¥i^en^ the hloadive ageM is m 
anticancer ^mt 

18. The si:»amed vdlea^ dosage fotm of daim I? v^emit the aottkancer agent is 
seletaed irom the pmp coitstesing of aiiQrli^ng agt^. antiiTK^adbolites, natunU products 
(e.g. , alkaloids), tanSm, antibuMics, meymes, bicdoeicid res^xmse modifim, 
honiKHHs^ amag<»ui^, and g«iettc nuitaia^ suita&le for the treatment of otncer. 

19. The sui^ned ittee dos^e form of daim 12 "w^MHm ^ l»o«;;ilve ag«tt is » 
pf^deor jnoiNA-based v«;d»e. 

20. 1%e sustained itiease dosage form of (Mm 19 ^en^ the ]mHetn-l»sed vwam 
is Tetanus-ToxCKid. 

21. The sustained lelease dosa^ form of daim 12 vrhenaai the bic»etive ag<Htt is a 
nucleic add. 
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22. Hie sustained rdease dosage form of cMm 21 whetmn the nucleic acid is 0NA^ 
RNA, or m i^mmleei&dt (sense or a^s(m«») of PNA w RHA. 

23. The sust^ed release dosage form of claim 22 wherein the itucleic acid is an 
osteotr^HC gene <»' ge^e s^p^t, m €%cH)»deott(ie. 

24. Hie sustained reiease dosage form of claim 23 wherein the osteotre^tc gose or 
fCHie sqgimsitis seteded fitmi the groi^ omslsni^ ttf imRjriw^Oiic {Kotnits (BMP2 
and 4 and others), tntfisforming growth lactor, stich as T0F*^i'3, activin, 
pNos|)ho|irotc»ii$, Qstaoms^* o$tMpoml8, bone sbIopf()tein« o^eocaidn, vitaniin-lc 
dqiendent protdns^ glycojpiolelns, and collagen (at least ! and H). 

25. Tiie sustained ntooe dosage lops of ci»mZ{^irto i^ 
osteoooAtductive salt. 

26. The au^i^ned r^ease ^>sage f<mn of cMm 22 «^M»i»n tAm nucleie add is »titable 
for the JDHA or anti>s«tse tnatment of cardiovascular disease and is selected from die 
ipcoup ctmsi^g fMekst-demed giowtf) fxm, uanstettng growft ^icttxrs (8!{^ 
aiid bmh iltiioblast growth laciors (mdic and iatasic), angiobstisin II, heparin-htndtng 
qjHderma} growth £tttor<^ m(^tecul<^ ]N^«riettktnr I {aS^ mi bebt), lnteH<»lQhi"6, 
insuUn'-itte growdi facts«s, (»ico^eiies, pmti£^aliiig cell nuclear anttga)* ceti adhesion 
mcdeeutes, mi ptetetet si»:^ antigens. 

27. The sustained release dosage form of claim 22 wheiein the nucletc add is an 
aatitaAcer gene sdeet^d from the group coosts^ng (tf tyfmar si^f^mssor genes, cytoldne* 
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pnxiucmg genes, tmm tiecfosis oh:DNA, <amm>embryonic antigai gene, 
lyphokine g^, tojdn-Riedtated jgetie ^bmspy, mi m&sam RNA ofM and E7 genes. 

21 Tim sustained fdease dosage form of daim 21 iurtiio' ittciudtog a proum u> 

i^Xick oudksase aetlvitf . 

29. The stu^aifMsd ndtease dos^ Smsi of daim 1 wtMsrdn ^ surface modil^ing 

agent is sdeoted ftm the poK^ ooimsting of one <»- more sys^ht^c pc^yines, 
bk^lymm, low motecuiar weight oligomers, natural prodoi^, and surfactants, 

3D. Tbt smtmeA letease dosage ta} of claim 31 wteieiA the s^r£f»e modifying 

agent is a s^fiietic {ic^yfnesr select fmm &mp ccmsisting of cariboxyisethyl 
oeUi^oie, oi^^ose^ odttidose aoettle, o[^«i}ose pi!&a3aiti^ poiycdiylene glycol, |>olyi#yl 
aio^oK hydroxypins^yimeUiyl cdMose {^thalate, hydroxyprqpyi c«!{ul(»e, sodium or 
caldum salts of oxbmiyii^yl c^ulose^ noncrysiallnie cdliiiose, {K^omers, 
poioxamines. dextxans, DBAE-dextian, poiyvinyt pyroltdone, polystyrene, and silica. 

3L the j^stamed f«tease ikts^ km of datm 29 wheneiii the stirte modijying 

a^t is a natmai pcodoct we^^eted fam the group oonslsdng of prt^^s, pqitides, sugar- 
ocffdaoi^g ownpoiaiidSf ws^ 

32. The sustained rdease d<»age form of ciaim 3t whcadn the natural product is a 

pq)tide/protetn seieded ^m the gn»ip €oni»stii^ of acai»a. g^jttin, casein^ albumins, 
myogidi>ins» hemc^lobtns^ and ilbiinof<ms. 



33> Hie mtai&ai s«tea$e dosage fom of claim 31 wherein the natural product is a 

is»g!ur--««mtalitii% oon^ttd acSecied tarn ti^ inmp eoimstlng of ira^uanA, sqitttiol, 
tn^ytuutol, poiy$a£^iande$, and pectin. 

34. Tlie stii^ned ittease dosa^ fenm of cJaim 31 wbercan die natoral |80diict i$ a 
lipid seiected from the grmtp consisting of leci^in, pho^hoiiptds, cholesterol, beeswax, 
woo! jiat, soi^Miated and losln soap. 

35. The systatned edeaiie 6£m$,t fxxm of claim 29 wherein the suriikoe modifjnng 
agtasit is a jnatictaRt sn^xxstsA fsoim the grotip consisting of non-kmic, anionic, and 
catiCHSic sirfaosnts. 

36. Hie sustaiiHsd leieaee dosage form of daim 35 wtere^ itxt mthm nuidifytng 
j^ent Is a nao4onic jntr^tant sdec^ ftom the group consisting of poiyoxyethylene 
S(Mrbttan lal^ acid esaers, senMtan £iti^ add esim, £itty alcohols, alky! aryl pc^yn^her 
sulfonates, and dioctyl ester of sodium suifrntsuccinic «sid. 

37. Tho ttistaihed ie{e«K» dost^ fmn of claim 35 w}»»^n Ihe mxhai tevoSi^^ 
agent is an anionic suHSuftant selected fmm ^ group consisting of sodium dottecyl 
sut&tte, aotfittm and potasstom salts of fimy add$« pt^yoxyl saearate, p(^yyo3cyldliytene 
iaury! ether, sorbitan ses(|uioieat£, triethandamine, fatty acids, and glycerol esters of 

3S. llM »tstained release dosa£;e form of claim 35 wherein the surface modif)nng 

aiE^t is a cattonic snrfaetant seiot^ ftm U» %tmp ootmsting of dtdo^yldimethyl 
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amfRcmiom bnunide, ixtyl ^me^yl amn^tum bromide, b»izaikomum chloride^ 
Hexsidecyt trinu^yl an»iK»iium dttodde, diRte^yktodecyliunincqiraf^ Nnceiyl^N-cthyl 
inoipl%oUmum ethosuiliiie. 

39. 'lite sttstained xelease do$a|^ form of cMm 1 fuirtiter ii^^uding a sti^ixsndlng 
medium. 

40. The sostaijied rdease donge &»rm ctf claim 39 wlieR»fi ttie susptmdtng medium is 
sdected fwm Uie group ccmsisting of distilled water, aonnal saline, triglycerides, 
jriiy»c^ic bttffm. smm or senmi/|3iasma pm^n cemstitwMils, and tissue cultt»e 
imxiia. 

41. ttm sustained idaoe dma|^ form of ciaim 39 wtier^n the suspending miadium 
gels afkr appiicadtm to the region of injection. 

42. The msibumd letease dosage irnn of claim 41 wherein the sieqpendtng medium 
which gels is selected fn»n the gmtip o(»»i«t{)g of poloxamers. Types I and H collagen 
or ppoooUagsit hydfE^s, ^ranoaeryk^, and Mn glue. 

43. Tlte suioained release dosage fotm of claim 41 in intimate combmation mtih a 
bGKie liiler sdec^sd irian &it group ctmsistifi^ of btme cemait, dental a^esive, 
hydroxyapatite, and bone enremies. 

44. Tte «istaaned it^esse dossge fonn of dalm 1 fuitht^ inciudit^^ m enoqfisilation 
fot I3bt iuu«Qpailictes. 
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Mcthods of Makinjg 

45. A method of maldng a sustained release drug ddivery system for kydwj^dbk 
t»ioacttve ngents con^sii^ the stqps 

(a) dissolving at least one btooompatible, biodegradaWe polymer in an oiiganic 

(b) dissolving the l^ioactive agentCs) in an organic solvent, the combined poiymer and 
Inoactive agent-ooiftaxning soiittkms oompit^z ^ otpgaac phass; 

(c) adding &x oiganic phase lo an aqueous phase; 

(d) somoitiiig fte eoRdmied (»|^}c 1^1^ 

below the meiting point of the polymer and at an energy sufTtcient to form a staMe emulsion; 

(e) evaiMMfasmg the mgame solvem ftom the siabit tmuMm; mi 

if) sqjaiattng resultiftg nanoparticles from the remaining aqueous phase. 

46. The mettiod cyim 45 liMboein ^ aqwiHts 
esiuliafyuig agent. 

47. l%e nidlKid of dbum 46 v^Msditt aquemts seduttoft <^ an <(»niUs^ng agent has 
abmt 0.1% to 10% w/v emulstf^g i^oit, and prefenibly about 1 % to 3% w/v 
emul^^ying agent. 

48. The method of claim 45 wherein the emuisi^ing agent is selected lipom the group 
OGRH^ng of po!y\^yl aScG^, pAyvKy^^Um saMtm Uay add ems, pot;^)1ene 
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flycois, triethanolamine fatty acid esters, sodium mi potasstam ssin of fmy acids, 
sodiofii iauryl su^hate oeltuktse acetate* pohotxmetSt aiid quatemaiy amimmium 
compounds. 

49. The method of cMm 4S compri^ng the furtha' step of lyt^Uzing the 
lianopaiticles. 

50. TIm; method of claitn 49 vta»n the lyophtilzing $$qf> comprises Si^gecting *ft 
fMUiO|ia7ttcies to tempeia^res m the order of -30" C to -55" C in a vacuum of SOO 
mHUlmr i»r kss for a^t least 24-4Si kom. 

S i> Hie method of claim 49 fiirther o)mpn^ng the $^ of stenlizing the 

52. the method of clam 51 wherein tfet step of sterilizing comprises subjecting the 
naioi^tteles to a steiiltaoRg ladi^icKi. 

53. The m^od of claim 45 wNtidn, in the stqp of sc««cating, the energy sufficient 
u> form % stable malieeffii Is in He tange of 35MS5 Watts. 

54. Tht method of <Mm 49 fuith^r comprising the step of modi^g the surliice of 
the sesul^ n»Mpartiel«i. 

55. The me&od of daim 54 wherein ^ stqp of modit)dng the suil^ of the 
festtlttng nanop^tletes comprises adsorbing at lea^ one sur&ee modifying agent to Ui« 
naiiopaji^cies. 
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56. Tiifi method of daim 55 wteiein the siep of adsoiting comprises the steps of 
ffiispMtdi!^ iiM! ii&RopartlcIes in a soJutkm of the at Itsansi mt sur&ce iiK)difymg agent ami 
fsttoB^rying the suspeiiston to prodmt a ooatiiig on die i}ano|»itide$. 

57. The fndhod of daim 56 wheran the step of fineeae-drying comprises iyophiiizing 
the oanqKuttdes in a lyophiiizer at -30* C to *55* C in a vaciiuin of 500 millitonr or 
less for at Itsat 24 to Aft hours. 

58. The HM^tod of dalin 54 whoo^n step of modij^ng the j^nlaee comprises 

59. The imsthodi of tMm 5S wt»»dii epoxyntierivatiasE^^ comprises the of 
pafl^ly hydfolyzing Qvt nanqxailkSes to oeate nadive groups on the suilacei; aa^ 
contacting the hydrolyzed nanqiar^des vvith a mctive mui^functioAal «|ioxide to lorm 
qpoxy-adivated nsoM^paiUdes. 

60. The method of daim 59 wheretn the naottve gtoujps aze amino, ai^ydrides, 
Cdii)oxyl, hydroxyl, jptetiol, or suifhydryl 

61. The mdhod of e!»m 58 w^»«in the reac^ye mul^iiinctioiut! epoxide is selected 
fitom ^ gn»ip consts^ng of 1,2'^xides, i,2-p!ii^ylene oxid^, bmnc and ethai» di- 
glyddyl dhers, eiythntisi aiUtydriide, p(^yfunaic«a} poiyglycero^ polygiyddyl ethers, and 
efHChlorhydito, 



Tht method of claim 59 comjpnsing the further step of reacting the e]»Qxy' 
acttvayted nam^Mittid<s$ mth teaetiw gtoajpi m mcor more biosoi'wti igtsm anWor 
sorfau% modifying ag«tts. 
iS3. the method of cistm 54 wiiemn «t least mt sutrte fDOdif)^f agent Is 

selected front the gmup cxmsistiog of one or more synthetic polymers, biqpolymers, low 
tnolecubi^ wet^t oligomers, luitura! products, and mfxsoMts. 

64. lite method of claim 54 wherein the step of modifying tite surface comjMises 
incofpranding the U least one sitr£lce modi^ni^ agent in Uie polymer mainx. 

65. Tim method of clmm 64 whereia the stqp of inoorponiting tb& at least mt surface 
modi^ng agent in the polymer matrnc ooiiH«tse$ usH)g at UaM me btoctegradahie, 
biocompa^ble polymer in the organic i^tase wiMn has a surface modifying pioperty. 

66. Tht method of ch^m 65 wheram fte biodegradable, biocownpattble polymer is an 
epoxy-derivatueed and activated polycaproUcUHte, 

67. The meUMd of cbdm 65 wherdn the btode^xadable, biocmnpatible polymer is a 
cyaitoacryUue. 

hy^ar«flbMt aii^nts 

A method of maMng a sustamed letease drug delivery system for hydrophiiic 
bioactiye agents comiHis^g the siiep$ of: 

(a) i^ssolving a biodegradable, {HoctKnpatibte polymer in a nonpolar organic solyimt; 



(b) dissolving hydtf^hilic bio»:tive agentCs) in a semippiar oig anic solvent or a 
cone^inattkm 0P a polar and sranipo^ so|v<aitt, the combined pelymcsr and bioacsttve agott" 
ctmtamaig sotuttcsis OMnpristng an organic phase; 

(c) addlfig the ori^e ptast to an aqaeous jittase; 

(d) sonicating the combined csrganic phase and the aqueous soitittcm at a temperature 
t>e}ow the mddng point of tte polymer and at an ene^y diffident 10 form a ^ie emulsicm; 

(e> evapomting the organic solvent irom the s^ie emul^on; and 
<Q sepaiattng msuittng nanoparticles ^ rondnbig aiqttecHis phase. 

69. The method of claim 168 wherein the aqtieous phase is an aqueous solutiosii of an 
emtild^ngagqitt. 

70. tlie method of claim 6S wheran ti^e orpntc phase further includes an agent to 
favor parttticming of ^ hydrqf^itic btoffi^ve agent into Ste cn^anlc phase upon 
soiidtfic^ion of the imlting nanoparticias. 

71 . Tfa m(^Qd of claim 70 wherein the agent to favor partiti<»Ung is setected from 
the pmp of covaient compiexing agents, pH adjosting i^ents, lipids, and viscosity 
enltttKMSts. 

72. tlK nn^hod of claim 71 wherein the a^ent to &vor paititiumtng is a coval<»it 
ecnmpleating agent whldi is a add salt 

73. Ute me0}od of claim 71 wherein the agent to favor partttitcming is a cationic or 
anionic Uptd. 
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74. 11)6 method of ckim 71 whoein the stsm to favor {Mutiti«»mng is a inulttvaieat, 

pcdycattostc $&sA. 

7$. Tht sMAhod of dalnt 0 wimem ttie ocmpolar oifania solvent i$ select from the 

gmp coRsijAtng of inethyieiie ciMie, ehiomform, ethyl acetate, tettahydfofurait, 
hexailuorotsopr^Mfid, and hoiallwmKfcCdone sesquihydra^. 

76. The nishod ciatm <99 whtmsn ^ semipdb^ «ngaRi<^ soli^t Is st^e&ed {nnn 
the gmtip (^j^sting of dimethyiac^tamide, dtme^ylsuifoxide, dttneti^ylfonnamide. 
dtoxane, m& jKit^cme. 

77. The iiMKhod of claim 69 compdsiiig the fbrther siq» of lyo^lmng the 
iia»0|!»]ti(^. 

78. The method of claim 7? wiH^n the lyqphilmng ste|> comprises subjecting the 
fU«o{«ittcles to -W* C imder tOO iiullitt»t vacuum for 48 hours, 

79. The method of claim 77 lut^ comprising the of ^siiizing tiie 
natiofonldks. 

SO. The metiKxt of claim 19 wtmdm the of i^fiiiiang comprises subjecting the 

nan<^jaiiti(^ to a lomlizmg radial. 
$1. The m^hod of daim W wherein, in the step of scmicating, the ei»^y sufficient 

fom a stdde emttli^Mi is in the range of 3Sh65 WaSts. 
82. The method of claim 7? comprising the furUier stqp of madiiying the surface of 

the namtiiig nanopairticles. 
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83. The meti^od of ciatni 82 wherein the step of modifying the surl^ of the 

nesttlfins nam^iatttctes Gom|>nses Misoibtng at least ma sttrSsce iiKxIifying agent to the 

84> The meftod {>f tMm 83 whereli! the stqp tMT ad${»t>}ng osinpmes the ste|» of 

stispetiding the nanc^iaiticles in a solution of the at least one surface modif^^ng agent and 
freexe-drying the sui^pei»i<»t to prodooe a coatifig on ^ tuoKqiaitteles. 

85. The ma^od of claim 82 wh^n the step of modiiying the sutfym compnses 
q)oxy-dmvutzaticsi. 

86. The method of ciatm 85 com{»istng the ititther step of nsacting the epoxy> 
a^vited nasnpartldes with leactive gmip$ momm «mt bkMictii« agen^ or surface 
modifying agents^ which reactive gmups may be amino, anhydrides, carboxyl, hydroxyi, 
pitenoU w j»ttfhydryl. 

87. The nu^hod of daim 82 wherein the step of modifying the surface compnses 
inomponilii^ the at lea^ one stirlane modtl^ng agent in ^ polymer malrix. 

88v A iM^^d of tnakmg a sustaant^ leteUH^ drttg ttelivery system for wattar^soltible 

{»t»dn/peptidKM»»itaintng hioactive i^otts compiling the stiqps of: 

(a) (&tsolvit^ tiie water^ltilile f80tt»n/pq^de-eontaining hiosctlve a^ent in an 
aqueoia soluttort to form a &TSt aqueous phase; 

(b) dtssolving the pQlyit^r in a nonpolar organic sdvetit; 



FCT/US96«0476 



(c) the aqueous phase to the oiiganic polymer soluttcm to form a primary 
i»iiulsk»i; 

(d) emulsifying tint ptifimy emulstofi into an aqi^us soiuttcm of an emulsifyittg 
agsent to fonn a water>tiHnl«ja*w3i^ emulntm; 

it} ev^pN3xating tite organic ml»mt fttm tiie waler4nHE)iH»>water emuision; and 
(Q sqpanituig resolting nam^attides; ti» remaining aqueous {itat> 
8$. Tim method of claim g8 cmnprising tiie further st«|> of Iy<^hiiizing the 

tumoparti»tes< 

90. The method of claim 88 wherein (c) eompnses scKiicattng the protetn- 
contaimng aqtxpmis fc^utbri atid the mi^c sol^km with energy snffident to form « 
stifle primary emojisicai. 

91 . The method of ciatm g8 wherein the aijuemts so!ati<m of an onutsifying agcmt is 
an aqueous solution of ait emuisiiying agent for making water>in-K}i! emulsions selected 
fKm tius grcn^ «m;idalis|[ itf seMUm «tters of fmy acids, hstf aicohois, iafty acids, and 
glycerol es^rs of &tty adds. 

92. ttte nwtfiod of daim 9^ whemn tiw aqiiemis solutkm of an emalsifymg ai^t is 
an aqwxHis solution of an entuisii^ng agent making «i}^ln-««ter emub^ons Elected 
Itcmi the gTMiip oai^S^ of poiyoxjn^yltme e^ers of fmjt alcohols, polyoxyl fatty add 
esters, polyoxycthylene glycols of fetty acids. 
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93. The method of claint 8B when»n the w^-$aluble pmtein-ccmtainmg bioacdve 
agent ts » nudetc acid i^ec«ed Itotn %t pmp consisting of DNA^ SNA. or m 
oU^ttdteotiide (sense or antisense) of DNA or UNA. 

94. Tbe method of daim 93 wherebt thu waier^soitible {»xi«san>c<mtaining bioactive 
agent is naclease'liree ONA. 

95. l^e mtiSiod of dairo 94 witar^ the aqueous solution is nuckase-fiee and/cKr 
indudes a cak^um complexutg agent. 

%. ttw mei&ioA of daim 95 wiMsreei Uie aqtnous sdtition is a buH&t selected firorn 

the group of Ttis-EDTA, dltiu«me» mtrototriaa^ add, dtrates, oxalates, tanra^, and 
dimMSsci^iiol. 

97. Tht mc^od of <^st 93 further ci»npri^ng the step of modifying the surface of 

the resulting f»nc|»itides. 
9S. Ihn HM^iiod of claim S9 wheran lite step of niodifying iht surface of the 

resulting nanqardctes conqimses luisorbing at least ime smtice modifying ag^t to the 

n»K)tpttiticles. 

99, The mi^bod of daim 9S when^ fte st^ of adsminng econprises ^ i»eji» of 

s»!q9«»ding the n3»o|»r^li»i in a soludon ^ tiu^ aA least one surface modifying agoit and 
fnffiN>drying the aispeostwi to produce a coating m tiie com^^rticles. 

too. Ute n«edJod of daim 89 v^uam tite sm? of modifying the surto comprises 

qmy-itleiivatiaa^. 



101. The method of clam 89 qpoxy-derivatizaiw comprises the steps of partially 
hy4ralyzti% Hie iiianopanidtes to atm xis»xx&ve groui» m tite sudace; imd omtadlns 
the hydmlyzed nanoiiaiticles with a reactive multifunctioaal ^xide to fom epoxy^ 
activated ftaiKJpartieles. 

102. The, method of claim 101 atm^sing the fmOxnac sti^ of leai^ng the qpoxy- 
activated liancfnrticle^ wUh leacti^ pmps m <»i6 or mom hioaiatiw ag(«iu and/or 
mafiix modtlying agents. 

lOi, The loethod of claim 89 whefds tiie stqi of modiiytng the surface eon^riies 

tftcorpoF^uig tiw at least mt stjiface modtfytng agent m tine polymer matrix. 

104. A method of modiiyiftg the smfmx of a polymer of the type having a reactive end 
potq), the method compriiditg die stqps of: 

oontacting &tc polymcs' mth a multifanctional e|x>xide compound in the pmence of a 
caaalysi to km m qpmtide^mifi^ polymer; and 

tmaix^ the epoxtde<»ttp!ed polymer with t bioacttve agent having at least one 
ftmcttcma! groiq> tiietecm man with qxjxkle grmtps to oovaksitiy link Vbt hktactive ^oit 
to tiie polymer. 

105. The mc^tod of cMm 104 wdeteretn Utt poij^iHsr has at least om reactive end group 
select ^m the group consisting of amim), anhydrides, caitwxyl, hydioxyt, phenol, or 
»ilfhyflhyi. 
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106. The me^od of claim iOS whemii {he polymer ts selected ftom the gtoup 
amsisiiE^ of {mlyem, such as polyiat^ite, |)o}ysiycoli<ies, ix^yiactk polyglycolic 
copoiymer^ and polycs^Kx^lactoiie. 

107. The metiKKl of <Mm 106 wiienin p(^ymer is a poly«iad2de»co-poly-g!yc(^de. 
lOS. The mei^od of claim 104 wherem dte polymer is at least paniaily hydroiyzed 

paot to (xmtaxi^ Uie polynwr witli the muldi^mctiomd qpojude dmnpotrnd. 

109, The method of dalm 104 wjtemn fte epoxide compound t$ an qpoxide^ a 
polycfoxide c<»n|K3ttiitd$» m an epoxy resin. 

110. The HKSthod of cimm 109 wherein the qpoxide compound i& setected fmm the 
group cit»»^t^( of t^HSpCHudes, Ul^m^ioie oxidtes, but»ie and dh«ae di-flycidyl 
ethers^ erythritoi anhydride, polyfufidional poly^ycerd poiyglycidyi ethers, and 
ejMchioxhydnn. 

i 1 L Hw nieAod of claim 104 wherein the ca^yst is selected from the group 

OMsii^i^ €^ tefttary aiiib»», gtianidtne, imidazole, tKKon trtflw>ride adduct$« sudi as 
bon»t tnllt»»iderm4»ao<^iamtne. trace metals, btspho^imtes^ and ammonium 
comf^hexes of tiie type fWSHy Hh ASF*., 

1 12, H» method of daim 104 wherein the catalyst is suit^ie for photoinitiation. 

1 13. The (iM^i^ ei daim U2 whernn i&it catalyst is selected from the gnw^ 
consisting of titaiUuin tdntchlonde and fenocene, zirccmocene chicdde, caibon 
%emSmiimAe& and lodoitirm. 111. 
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1 14. ttte method of cMm 104 winemn the bioactive agent has at least otte reactive emt 
groap seleded limm the ftoup cotisisiiiig of amino, anitydrides, carboxyl, hydroxy!, 
phenol, or «ulfhydryl. 

Method of 5falUiis FCL*£mtMKiiQaeixt$ 

1 15. A mdliod of makx^ block co^ymets haying hydrophiUc and bydroi^it^e 
laments, ^ nu^hod comprisiiig the stqjs of: 

(a) dtssolving a lam potymer^ol in an otgank schmt; 

0>) adding a multlfimclionai qpoxtde In excess to &m dissolved fim polymer-diol so 
^ one of iNs ifoxtde gn»^ the ntttttifuncUfxaai ^mvki ttsacts with h^roxyl grcHips on dse 
qnds of the firsi paiymar'^iA to fonn m qpoxide emd-capped ftrst polymer <block A); 

(c) adding an exocas of a second pOlymer-dioi (bioek B) to the qwxide e»dH»p|Ked 
Urst polymer blodk A la fonn a hydroxyI>(esinim»Eed BAB-^ tiihlock copolymer. 

116. TH method of tMm US wh«i»n UH»e i$ provided the further siqi of expanding 
tifie mc^eoihff unsght of a polymer-^iiot, prktr to tise in (a), by leactmg m excess of 

The method of claim 1 IS wbemtn the muM^ticttimal i^xide i$ sekscted from the 
ffmp GMSi^s of l»2Hqpaiudes, 1 ,2*^propyIe»e oxictes, bmam mi ttimm di«gtyddyl 
itilierSi trythritol »rthydiidet poly^itcticmal polyglyceiol polygtycidyi ethers^ and 
qpicMorhydfin. 
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118. The meHhod of claiin US wherein the fust polymer-diol Is a hydrophobic 

1 19. The i»^H3d of claiin US whensis the hydrophobic polymer-dio! is sheeted from 
tbe groi^ €Qii»st}!ig ikT {xtlyei^Hoiacloite, polybcttdes^ polyglyct^les. and ]>dlyl^- 
poIygIy«oIic add co|)olymer. 

120. Tl» inetliixi of claifn 115 wheidn the aopoBd polytm-^ h a hydiopiiilic 

polysscr-diol. 

121. The mdiwd of (Mm 120 «^Mgm»i Ite bydRi|>^btIte ptAymee-^<3i is selected frcm 

the group consisting of polyethyta glycol, polaxomers, and poly(pmpyie»ie oxtdb). 

122. Hie nu^KMi itf <±ttm US wfK»«tn the fitst perilyfiwr-did is a hydn^lic pdlymer- 
dtol. 

I23« The me^od of datm 1^ 'v^iovan ^ second pdyina'-dMl is a hydfoph<bic 

poiymer*dtol. 

124, The method <»r duun US castprmag die fuftilB^ stq> of reaching the BAB>r^ 

trihlock cc^ymer with a taultifttm^onai ^xute to form an epoxide end-capped BAB- 
type tsiOrtoek eopdynm, 

ITS, Tim RM^hod of eMm 124 conpnusbig the fmibex susp of nsi0mz dvs epoxide mi- 

GxppoA BA^-type ti^toek copolymer wifli a t^»^ve agent ha^g at least one 
jiuncianai group tfieietH) which nsacts with i^xide groups to covalently attau^ the 
bioaetiye agent to ^ qnxkie ta6<apped BAB*type trtt>1o(^ copolymer. 
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126, The tnelhod of diaiin 1 IS whorein stqps (h) and (c) are iti^ted to fonn 

127. Tht nu^od of c^m !26 comprisitig tfie Muer of n»(^ng the multibiock 
oojpoiyiner witii a siuititetioaai qKnide to ibnn aa e{»xi(ie ei}d<-cs{jped mttlttbloek 

13^. The method cijdm 127 wfcereUt tlw reacthns n)u}ti|[>iock polymer » m 

teacled to block fmftm epoxide nsscttvity. 

CcNBiposHloa Cteims to Muitlblocic Ce^xAfmrn 

l^, MdtiiMc oopoifmm having h^rqf^ioNo and bydrof^ic segimsirts emnected 

by epoxy Itnloges and being hydioxy-tenninaied m e|>ox]de-tarminated and havisg a 
maiecuiar nwsi^t btstween aboat 6,000 to tOO^OOO as measwed by ^1 penneation 
chfomatofraphy and intrmsic viscosity. 

130« The ffiiiltitslodi: coptAymss of daim 129 wheitan the hydrophobic «^;tQ(»tt Is 

sdecttd fmm the group ccmststing of polycaptoliyclone^ poiyladides, potyglycoUdes, 
pdyladSc-foiyi^ycoUc acui oc^yn^* iHodqgfads^te pc^yorethaites, pdys»hydndes» 

131. The tind^Modk oapoiytiHsr of cUam 12$ ^mlieran (he h:^lso!iy£HS segsHHdt is a 

poiydher selecled from ttte gnmp conidstlng of pol:^yl<»ie glycol, pokxomers, and 
ptdy(pR^!ene oxide). 
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132* Tim poiymm of claim 129 «^ck are ABA, BAB, multiblock (AB). or (BA), 

type peiyrom, and ccind»iaatt<»)$ thoreof, wjtei^n lite A blodc is polyea|)fo1actcffi« mi 
B block is stkmi ftom Ibe gioup oxasii^itg of poiyethyicme glycol, poloxamers, 

133. . Tlw polymers of cMm 129 whaiem a hydroi^h^ic ancJ/or hydrqphiUc segin«« is 
expanded, Ue. , multiple indeaales are Inikesd together by epoxy UalcBges. 

134. Hydn>xy<tt»min^ pdy («^pmlactorw)-polyethar polymers having altentattng 
hj^lTOfdiobtc pfsiycapmSsi^oint sepaems and tiydnnf^dilic pdyt^her segrrHsnts comasSied by 
epoxy linkages. 

135. The block copolymer which is HO*PEd-EX2S2.iKX-EX252-PCL-EX252-PEG' 
OH. 

136. The block copcAymst whidh is HO'F6S»HX252-PCL-£X:2S2-PCL-F6g-OK. 

137. tlw Mock copolymer which is HO-PCL-EK252'^F68-EX252-PCL-OH. 

138. The Mock toptAynax which is HOPCL>EX2S2-PB6-£X252>I>CL-OH. 

139. Hut block copolymer whicfe is HO-l»CL-E5£2S2-PPO-EX252-i»aL<»H. 

140. Ite imiltihlock copa&yim! of ela^ 1^ compiiiang a osoiopaittde. 
MeilMids i^ tkm Eaibodtoenls 

}41. A mi^iod tjf premiting nsstmosts following vftscular damage as a result of an 

inttarventianai fnocedure or disease: 
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Injectiftg nam^tardleles oompdstng a biocoinpatible, Mock^giad^k polymr core iiaving 
an wm&i dismettr of less don about 300 tm^ tte saac^ortid^ having lussodMI tx 
inoofjxHRated thenwilii ^ teast bioac^ye ^ent a»d/(^ at \em one stidace n^ifying ag^it, 
ynder {Wcsaire tnio ^ wall tte vessd {RtaoedtiUEt Mog^ or to the damaging 

142. "Hie nMBthod of jwievaitii^ lessenosis of «laint 14 1 M^ioets the }»e£»iie is at hsm 
1 atm amt pefeiably between 3-6 mn. 

143. Thi metiiod of iffewe^ii^ lesusioits of claim 14 1 iiifbefei» the sttf» of injeeting is 
accomi^isbi^ with a catlteter. 

144. The me^txt of ptewe^ii^ leattauKias of ei»m 141 coct^ang the ftntiier step of 
liuiiictng an osmotic shock to ttte wall of tlw vesstl with a hypertonic solution prior to or 
cofitenqimatteoiiedy vMi tte tteft c/( injecting fUuu^NU^eies. 

145. The m^od of pnevoiting icittenosis of claim 141 wherein the biocoinpauible« 
inodegnufaible polymer is a j^dietic polymti' selected iirom the group condsting of 
polycaM» pdy^iiei^ {»>lyai^ydiidei, pDlyalicylcyan^tcrylaies, poiyaciylaiittdes. 
p6ly(oiihoes6»s)t poiyi^ioqirisaznies, ptAyiMtino aods, and bioilQgiadable polyun^anes. 

146. The meUiod of preraiting vsgiemsh of claim 141 «^ternui tiw bloixmipfttible, 
baodegradabte ptAymer is a nsourallyslarfved polymer s^ieted horn pxmp oonststing 
of acad»» dntosan, gelatin, dextmns, i^lboi!^, and alginatts/jSaiidb. 
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147. The method oi claim 141 wtondn the tnoadive agent b se!«:ted from fiu; gmup 
ccRisis^g of snKX^ musdte uihtbiK»^ nceptcM^ blockers (or ccsitracttie agooist, 
ifttiibttt»s €^ tl» sodium/hyiinigra ani^pmtev^ }8<^ease InUbtteKS, nitrovasodila^, 
piKK^hodHKHoase ^t»ytos, frilmKs^ltHtzines, growth factcnr jneceiHor antagiMustt^ 8nti> 
mitcMic ag^mcs, imimtnost^resssive agc»ts» antisense oligonucleotides, and pnMein kinase 
inhibUors. 

148. Hie method of preventing restenosis of claim 147 wherein tite bioactive agent is a 
cytochaiai^. 

149. The nfM^hod of porevemting rei^mons of claim 141 wivsmn the na^opartides 
further includes at Uatsi mm svafsxc modifier. 

150. The RM^hod of preventing restenosis <^ claim 149 the surface modifier is selected 
from the groi^ <XHU»!^g of die surface modifying agent is selected from the group 
consisting ofom or more synttH^c poiymers, biopdymers, low molecular weight 
oligonwrs, natural i»odtict$. and surfactants. 

151. The imHhod of preventing restenosis dalm 150 whernn the surface modifier is 
ftbciiiogea and/or DMAB. 

152. The method of preventing restotiosis of claim 141 wherein the nanoparticles are 
suspended in a suspending media suitable fm intravascular administration in a 
concoitration range from about 0.1 mg/ml or less to 300 mg/ml, and preferably in the 
range of 5 to ^ mg/ml. 
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Bom Hierspy 

155. A meditxt itf transM^g a nucUsc 9M st^mmt inis jpn^gemtor edits 

C(»ni8isuti: injeedng into a tisstMs sito having bone {ffofeoi^ nucietc acid- 
contaimng naiio{Niiticle$« the nanopartides «ompn»ng a bioGompattbte, bbdegnuiabie 
polymer core havwg an averse diameter of than abotit 300 am, and having 
assodnted or incorporated tborewith at least erne niicldc mad and/w leaj$ <Mie surface 
niodlfymg a^mt. 

tS4. The n^hod of c^m 153 utriNamn the ntfddc add is an ost6c«ro|»c fgem or gene 

segment sded^ from the gn»jp eonststing of bom i»orphof eoic protetns (BMP2 and 4 
and mhers), |3^»q^[K^»otei»s, oi[%ec»»di3, es^eo|xmtin, bo«e statoprottsn, vitamin-k 
dependoit proldns, giycqprotetns, and eoUagen {at least I and II). 

155. Hie n«i^iod of daim !53 wherein titw stit&ee modtfirii^ age»t is sdected from 
the ^tmp «msisting of ot» or more synthetic polymers^ biopolymers, low molecular 
weight Isomers, natma! prodi>ct$, and ntifa^ants. 

156. The me^vod of daim 153 wiierrin ^ Injected nanoparti^k» axe carried In a 
st£^pendl^ iiHbdiuii! gds after ip^cattcm to Uie reg icm of injecti»m. 

157. The method of claim 156 wherdn the suspending medtttm wluch gels is sekcled 
from the gfotip consisting of poloxamers, Ty^c I collagen or procollagen, hydrogels. 
cyuxiacrylates, and Bmn gitie. 
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158* The melfiod pf claim !56 wbeardA tiie sus^dmg medium fuitiusr mcltides at Umt 

one osieoconductive siit 



PCT/US96/0e4?6 



i/22 




3/22 



I O 1 



V :* 



UJ 

— I 

CJ> i 

«sJ CC 
f*y 

cx: 

^ <o 
^ S 



03 X£> ^ 

mi B 

m on 



* IP ^ 



> / * x 1 



CD 



LP 



SUBSTmni SHEET CRUU 26) 



wo mmmn 




5/22 



FIB . 5 



CHj— CH—CH2-O- (CH^CHCHj- OCHgCHCNgOl^ CHg-CH— CHg |n»31 
" 0-CH?-CH— CHp ^ 21 

^ (DENACa EX ^0] 



«M-CH2{H:04|rhCH2CH2C(%-Q^ imk] 



20 



pH 5.0 

37*C, aO-3S HIM 
OH 



V 




f-r 




0 — ^|)H 




OH 



COOH 
OH 




CS03 



0— NDH 




24 



PLGA-CH-CHg-O'HEPARIN 



OH 

a5A-|f%CKH€PARIN 

OH 

PIGA-CH-CH2-SO3O-HEPABIN 



SUBSTTTUTl SHEET (RULE 26) 



PCTAJS9e«0476 



FIG, 6 

% RELEASE 

^- 
80- 
70- 

6o: 

50- 




TM (DAY) 



SUBSmrUTE sheet (rule 26) 



? 

m 

X 

ru 
I 

n 

i 

m 

2 

n 

m 

"0 

rn 



n 

X 

m ' 



X 

on 

ru 
I 

13 

r 

m 

X 

ui 
ru 
} 

n 
m 

X 

u 



n 
o 

t) 
o 




2 

0 



PCT/U$9$/9047$ 



9/32 



5J89 



O 



of 



f:5.S04 



e; 43.328 




in 



in 
rri 



^ to 
xjn 

* <^ 
tn 



suBsnrun sheet (rule 26) 



CO 

cn 



to ' 



cn 



OS 



CJt 



O 



U1 



CD ^ 



<7> 



an 
<::> 



1 

CD 

I 



3 

CD 



SBSSsasssBKmsnaMMMMM 



82/01 



PCT/US96/@e4?« 



11/22 




m w^mmMHs msuusms 




urn 



13/22 




suBsrrruTE sheet (rule 26) 



14/22 




SO asimiTi sheet {rule 2S) 



Vf09m969S 



15/22 




SUBSTITUTE SHEET (RUU 26) 



wo 96/20698 



120 
8D 

% HEPERIN 
REMAINING 60 



20 



Fie. m 

PCL/PCL/PCl 




COUPLED 
HIXEO 



PCl/FSS/PCl 




COyPLEO 
HIXEO 



mmm m 



FIB. iSC 

PCl/PEG/PCL 




tmm 

MIXED 



Hfwm 



FIB. 17 




SUBSTI7U7I SHEET (RUIE 26) 



18/22 



FCr/US96/WM7« 



FIS\ 18 




TM fOAY) 



SUBSTrrUTE SHEET (RULE 2B} 



FIG. i9 




IM (DAY) 



suBSTmm smwT ceuu 26) 




SUBSTTTUTE SHEET (RULE 26) 



W2Z 



cvr 





suBsmruTE sheet {RUIE ZB) 



